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Initial Sensitivity Evaluation of Operational Parameters and Storage Capacities
Using the CALFED Post-Processing Operations Model

South of Delta Off-Aqueduct Storage Facilities

OVERVIEW OF EVALAUTION

Introduction
The CALFED Post-Processing Operations Model was developed to evaluate the sensitivity
of various operational parameters and physical capacities of potential new storage and
conveyance facilities in terms of 1) environmental water supply benefits and 2) urban and
agricultural water supply benefits. This relatively simplistic model is suitable for analyzing
the effects of various storage operation rules and goals~, identifying critical external
constraints, and providing initial refinement to the ranges of storage and conveyance
capacities to be considered in future studies. Information developed from this evaluation
will be used to guide more detailed studies, including DWRSIM system operation studies.

The spreadsheet-based CALFED Post-Processing Operations Model uses the results of
DWRSIM benchmark operation studies as input. New storage and conveyance facility
operations are simulated assuming surplus water supplies, unused conveyance facility
capacities, and unmet urban and agricultural demands as defined by DWRSIM and user-
defined environmental demands. While this model provides useful initial information, two
important limitations must be considered when interpreting model results. First, the
CALFED Post-Processing Operation Model simulations do not integrate the operations of
new storage and conveyance components with operation of existing facilities. Second, the
model simulations do not dynamically model Delta processes. While these simu.lations are
constrained by surplus Delta water, Delta export limitations, and available physical
capacities as defined by DWRSIM, specific in-Delta flows and salinities are not evaluated.
Future DWRSIM and Delta hydrodynamic modeling studies must be used to assess the
impacts of both of these limitations.

In the evaluation documented in this report, the CALFED Post-Processing Operations
Model was used to assess the sensitivity of various operational parameters and storage
capacities of south of Delta off-aqueduct storage facilities. After completing sensitivity
analyses of individual operational parameters (e.g. level of demand and storage carryover
requirements), sets of parameters were chosen for two operation goals. These goals,
termed Normal Pedod Supply Operation and Dry Period Supply Operation in this report, are
generally mutually exclusive. Storage operations that target maximum supplies over normal
long-term hydrologic periods usually result in limited supplies available in extended dry
periods. On the other hand, storage operations that target maximum supplies in extended
dry periods general have a high cost in terms of reduced supplies over normal long-term
hydrologic periods.

Because the capacity of Banks Pumping Plant, the State Water Project Delta pumping
facility, has a significant affect on potential operation of south of Delta off-aqueduct storage
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facilities, two capacities were considered in this evaluation. Under the first condition,
existing Banks Pumping Plant capacity is assumed. Under the second condition, an
expanded Banks Pumping Plant capacity as proposed in the Department of Water
Resources South Delta Improvements Plan is assumed.

Water supply benefits were evaluated for storage capacities ranging from 0 to 3.0 mar for
each of the four conditions defined by the two operation goals under two Banks Pumping
Plant capacities. The results of this evaluation may be used to appraise relative
relationships between benefits and storage capacities; absolute quantities of benefits must
be confirmed by more detailed modeling.

Two parallel evaluations were completed for south of Delta off-aqueduct storage facilities
dedicated exclusively to 1) environmental water supply benefits and 2) agricultural and
urban benefits. These two evaluations are summarized in the following sections of this
report. Future evaluations using the CALFED Post-Processing Operations Model will
consider the effects of joint storage operations for both environmental water supply benefits
and agricultural and urban water supply benefits.

Summary Results
Results of the two parallel evaluations for environmental water supply operations and
agricultural and urban water supply operations are summarized in this section. More
detailed, results are provided in the following sections of this report.

IErlvironmental Water Su.~.~ly Benefits
In this evaluation, a minimum Delta outflow target of 12,000 cfs for the months of January
through June is used as a surrogate for environmental water demands. Because the
CALFED Post-Processing Operations Model uses a monthly time step, more detailed
evaluation of flows is not possible with this tool. However, in actual operation, the volume of
water released from storage towards the 12,000 cfs target might be used to create higher
pulses of flow for shorter durations, if this operation was deemed more environmentally
beneficial.

Using this target minimum Delta outflow surrogate approach, environmental water supply
benefits are measured in this evaluation by averaging monthly flow rates up to a maximum
of 12,000 cfs for January through June of each water year. Any flow above 12,000 cfs is
not considered. Note that the result of this computation is significantly lower than and not
comparable to total average annual Delta outflow. For simplicity in this evaluation, this
average of January through June Delta outflows up to 12,000 cfs is termed Environmental
Delta Outflow.

.Summary results of this initial evaluation are presented in Figures 1 and 2. These charts
depict net increases in 71-Year Average Annual Environmental Delta Outflow and Minimum
Annual Environmental Delta Outflow, respectively, under the four operation conditions
described earlier for storage volumes ranging from 0 to 3.0 mar. These two measures of
Environmental Delta Outflow reflect Normal Pedod and Dry Period water supply benefits,
respectively.
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I Figure 1

S̄outh of Delta Off-Aqueduct Storage
I Net increase in 71-Year Average Environmental

Delta Outflow versus Maximum Storage Volume
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Figure 2                         .

South of Delta Off-Aqueduct Storage
Net Increase in Minimum Annual Environmental
Delta Outflow versus Maximum Storage Volume
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As evidenced by the ranges between the curves of Figures 1 and 2, this initial evaluation
demonstrates the importance of operating assumptions on the outcome of water supply
evaluations. As expected, normal period supply operations maximize average annual water
supplies, but provide little benefit during extended dry periods. On the other hand, dry
period supply operations allow for carrying water in storage through extended dry periods,
at a very high cost in average annual yield.

This initial evaluation indicates that with existing Banks Pumping Plant capacity only minor
environmental water supply benefits might be derived from new south of Delta storage
facilities. Potential net benefit in Minimum Annual Environmental Delta Outflow is limited to
about 50 taf and is achieved with a maximum storage capacity of 500 taf. The maximum
net benefit in 71-Year Average Annual Environmental Delta Outflow with this 500 taf
maximum storage capacity is 110 tar. Minor increases in 71-Year Average Annual
Environmental Delta Outflow are possible with larger maximum storage capacities.

More significant environmental benefits might be derived from new south of Delta storage
facilities with an expanded Banks Pumping Plant capacity. Potential net benefit in Minimum
Annual Environmental Delta Outflow could exceed 400 taf with a maximumstoragecapacity
of 1.25 maf. A net benefit in 71-Year Average Annual Environmental Delta Outflow of about
230 taf is possible with this storage capacity. Additional 71-Year Average Annual Delta
Outflow could be achieved with additional storage capacity, with a net benefit in 71-Year
Average Annual Environmental Delta Outflow of 310 taf with a 3.0 maf storage capacity.

Agri.cul~.ural and Urban Water Supply Benefits
In this evaluation, south of Delta SWP and CVP demands were used as a surrogate for
agricultural and urban water supply demands. In actual practice, agricultural and urban
water supply benefits from south of Delta storage might be designated to a subset of SWP
and CVP users, other south of Delta agricultural and urban users, or upstream of Delta
users through a water exchange program.

Summary results of this initial ev~aluation are presented in Figures 3 and 4. These charts
depict net increases in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits and Minimum Annual Agricultural and Urban Water Supply Benefits, respectively,
under the four operation conditions described earlier for storage volumes ranging from 0 to
3.0 maf. The charts allow comparison of the range of potential benefits under various
Banks Pumping Plant capacities, operational goals, and storage capacities.

This initial evaluation indicates that with existing Banks Pumping Plant capacity only minor
agricultural and urban water supply benefits might be derived from new south of Delta
storage facilities. The net increase in 71-Year Average Annual Agricultural and Urban
Water Supply Benefits with a 1.5 maf maximum storage capacity is 70 tar. Only minor
increases in 71-Year Average Annual Agricultural and Urban Water Supply Benefits are
possible with larger maximum storage capacities. Potential net increase in Minimum Annual
Agricultural and Urban Water Supply Benefits is about 250 taf and is achieved with this
same maximum storage capacity of 1.5 mar.
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Figure 3 ~
I

South of Delta Off-Aqueduct Storage I
Net increase in 71-Year Average Ag & Urban Water Supply Benefits
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Figure 4

I South of Delta Off-Aqueduct Storage
Net Increase in Minimum Annual Ag & Urban Water Supply Benefits

i versus Maximum Storage Volume
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More significant agricultural and urban water Supply benefits might be derived from new
south of Delta storage facilities with an expanded Banks Pumping Plant capacity. A net
increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits of about
290 taf is possible with a storage capacity of 2.0 maf. Minor additional 71-Year Average
Annual Delta Outflow could be achieved with additional storage capacity, with a net benefit
of 310 taf with a 3.0 maf storage capacity. Potential net benefit in Minimum Annual
Agricultural and Urban Water Supply Benefits could exceed 420 taf with a maximum
storage capaci,ty of 2.0 maf.
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Initial Sensitivity Evaluation of Operational Parameters and Storage Capacities
Using the CALFED Post-Processing Operations Model

South of Delta Off-Aqueduct Storage Facilities

ENVIRONMENTAL WATER SUPPLY EVALUATION

Introduction
Environmental water supply benefits from new south of Delta storage facilities would be
achieved by instituting an exchange with south of Delta agricultural and urban water
users. Under this arrangement, water would be released from new storage facilities to
meet existing downstream agricultural and urban water supply needs, in return,
agricultural and urban water users would forego a like amount of exports at the Delta.
The capacity of the new storage facility, rules governing diversions into storage, and
operational goals (e.g. maximum norma! period supply or maximum dry period supply)
all affect the magnitude of potential environmental water supply benefits.

The CALFED spreadsheet operations model was used to evaluate effects of various
operational rules and physical capacities of new south of Delta storage facilities on
potential environmental water supply b~nefits. A sensitivity analysis was conducted by
individually exercising the operational parameters through reasonable ranges with a set
south of Delta maximum storage capacity of 2.0 maf and inflow/outflow conveyance
capacities of 3,500 cfs, devoted exclusively to environmental water supply. Information
from this phase of the evaluation was then used to develop four sets of parameters
which collectively bracket the range of potential operations. These four sets of
parameters define two operational goals implemented under two external conditions.

The first operational goal modeled is to maximize supplies over normal hydrologic
periods. This goal is achieved by impos!ng no storage carryover requirement and
releasing water from storage whenever unmet demand exists. A by-product of thistype
of operation is that supplies in storage are often depleted when entering critically dry
pedods. The second operational goal is to maximize supplies in the driest years of
normal hydrologic sequences. This goal is achieved by imposing carryover
requirements or limiting the amount of water delivered from storage in any given year.
While this type of operation usually results in relatively larger quantities of water in
storage for use during extended dry periods, overall long-term water deliveries are
diminished.

The two external conditions considered in this evaluation address the capacity of Banks
Pumping Plant, the State Water Project Delta pumping facility. Capacity of Banks
Pumping Plant significantly affects storage operations under both the normal period
supply and dry period supply operational goals considered in this evaluation. Under the
first external condition, existing Banks Pumping Plant capacity is assumed. Under the
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Table SE-I
Bracketing Operational Conditions

Condition Description

A .Existing Banks PP Capacity -- Normal Period ,Supply Operation. This
condition assumes that diversions to south of Delta storage are limited by
existing Banks Pumping Plant capacity and that the storage facility is
operated to provide maximum supplies over normal hydrologic pedods.

B .Existing Banks PP Capacity - Dry Period Supply Operation. This
condition assumes that diversions to south of Delta storage are limited by
existing Banks Pumping Plant capacity and that the storage facility is
operated to provide maximum supplies in critically dry years.

C Expanded Banks PP Capacity -- Normal Period SU.D.Dly ODeration. This
condition assumes that diversions to south of Delta storage are
supplemented by an increased Banks Pumping Plant capacity as
proposed in the Department of Water Resources Intedm South Delta
Improvement Plan and that the storage facility is operated to provide
maximum supplies over normal hydrologic periods_.

D Expanded Banks PP Capacity -- Dry Period Supply Operation. This
condition assumes that diversions to south of Delta storage are
supplemented by an increased Banks Pumping Plant capacity as
proposed in the Department of Water Resources Interim South Delta
Improvement Plan and that the storage facility is operated to provide
maximum supplies in critically dry years.

Table SE-2
Statistical Measures of Environmental Delta Outflow

Measure Description

1 71-Year Average Annual Environmental Delta Outflow. Annual average
over the historical hydrologic sequence used in the model simulations.

2 ..1928-34 Critical Dry Period Average Annual Environmental Delta Outflow.
Annual average over the seven year critical dry period.

3 Average Dry Year Environmental Delta Outflow. Annual average over the
sixteen water years classified as dry years within the 71-year hydrologic
sequence.

4 Average Criti .cally Dry Year Environmental Delta Outflow. Annual average
over the eleven water years classified as critically dry years within the 71-
year hydrologic sequence.

5 Minimum Annual Environmental Delta Outflow. The minimum annual
quantity that occurs over the 71-year hydrologic sequence.
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second external condition, an expanded Banks Pumping Plant capacity as proposed in
the Department of Water Resources South Delta Improvements Plan is assumed. The
four operation conditions defined by the two operational goals under these two external
conditions are described in Table SE-1.

Once developed, parameters sets for each of the four operation conditions were input
to the CALFED spreadsheet operations model. Potential environmental water supply
benefits were evaluated for maximum storage capacities ranging from 100 taf to 3.0
maf. In this evaluation, a minimum Delta outflow target of 12,000 cfs for the months of
January through June is used as a surrogate for environmental water demands.
Because the CALFED spreadsheet operations model uses a monthly time step, more
detailed evaluation of flows is not possible with this tool. However, in actual operation,
the volume of water released from storage towards the 12,000 cfs target might be used
to create higher pulses of flow for shorter durations, if this operation was deemed more
environmentally beneficial.

Using this target minimum Delta outflow surrogate approach, environmental water
supply benefits are measured in this evaluation by averaging monthly flow rates up to a
maximum of 12,000 cfs for January through June of each water year. Any flow above
1 cfs is not considered. Note that the result of this is2,O00 computation significantly
lower than and not comparable to total average annual Delta outflow. For simplicity in
this evaluation, this average of January through June Delta outflows up to 12,000 cfs is
termed Environmental Delta Outflow. Five statistical measures of Environmental Delta
Outflow are included in this analysis, as described in Table SE-2.

Environmental water supply benefits, as described by these five measures, were
estimated for each of the four sets of operation conditions over the range of maximum
storage volumes. While this information should not be considered definitive, this
evaluation illustrates the potential for environmental benefits from south of Delta
storage facilities and the effects of various operation conditions. The information
developed in this evaluation may be used to provide an initial refinement ol= the range of
storage volumes of potential south of Delta storage facilities which should be
considered in future studies.

Summary
This evaluation provides initial quantitative information on environmental water supply
benefits that might be provided by new south of Delta storage facilities. Additional
information on water quality benefits, interaction with agricultural and urban water
supply opportunities, interactions with other potential new storage and conveyance
facilities, costs of new storage facilities, and environmental acceptability of new storage
facilities must all be considered in a further refinement of environmental water storage
facilities.
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Summary results of this initial evaluation are presented in Figures SE-1 and SE-2.
These charts depict net increases in 71-Year Average Annual Environmental Delta
Outflow and Minimum Annual Environmental Delta Outflow, respectively, under the four
operation conditions described in Table SE-1 for storage volumes ranging from 0 to 3.0
maf. The charts allow comparison of the range of potential benefits under various
Banks Pumping Plant capacities, operational goals, and storage capacities.

As evidenced by the ranges between the curves of Figures SE-1 and SE-2, this initial
evaluation demonstrates the importance of operating assumptions on the outcome of
water supply evaluations. As expected, normal period supply operations maximize
average annual water supplies, but provide little benefit during extended dry periods.
On the other hand, dry period supply operations allow for carrying water in storage
through extended dry periods, at a very high cost in average annual yield. This is most
vividly illustrated by comparing the curves representing Existing Banks Pumping Plant
Capacity -- Dry Period Supply Operation in Figures SE-1 and SE-2. In both figures, at a
storage volume of 1.0 mar the Existing Banks Pumping Plant Capacity -- Dry Period
Supply Operation reaches an asymptotic net increase of about 50 taf. However, with
the same 1.0 maf storage capacity, the Existing Banks Pumping Plant Capacity --
Normal Period Supply Operation yields a net increase of about 140 taf in the 71-Year
Average Annual Environmental Delta Outflow compared to a 0 taf net increase for the
Minimum Annual Environmental Delta Outflow.

This initial evaluation indicates that with existing Banks Pumping Plant capacity only
minor environmental water supply benefits might be derived from new south of Delta
storage facilities. Potential net benefit in Minimum Annual Environmental Delta Outflow
is limited to about 50 taf and is achieved with a maximum storage capacity of 500 taf.
The maximum net benefit in 71-Year Average Annual Environmental Delta Outflow with
this 500 taf maximum storage capacity is 110 taf. Minor increases in 71-Year Average
Annual Environmental Delta Outflow are possible with larger maximum storage
capacities.

More significant environmental benefits might be derived from new south of Delta
storage facilities with an expanded Banks Pumping Plant capacity. Potential net benefit
in Minimum Annual Environmental Delta Outflow could exceed 400 taf with a maximum
storage capacity of 1.25 maf. A net benefit in 71-Year Average Annual Environmental
Delta Outflow of about 230 taf is possible with this storage capacity. Additional 71-Year
Average Annual Delta Outflow could be achieved with additional storage capacity, with
a net benefit in 71-Year Average Annual Environmental Delta Outflow of 310 taf with a
3.0 maf storage capacity.
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Figure SE-1

South of Delta Off-Aqueduct Storage
Net increase in 71-Year Average Environmental
Delta Outflow versus Maximum Storage Volume
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I

Figure SE-2
I

South of Delta Off-Aqueduct Storage
Net Increase in Minimum Annual Environmental

IDelta Outflow versus Maximum Storage Volume
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Supply versus Storage CarryoverEnvironmental Water Benefits Factor
Background
The storage carryover factor is an operational parameter designed to provide a means of
reserving water supplies for use throughout extended dry periods, practice, complexIn
reservoir storage carryover rules may be devised to take into account runoff forecasting,
variable demand, current storage volume, and other criteria. In this model, a simplestorage
carryover function has been included which allows the user to set a fraction of end-of-
September storage from the previous water year that will be required to remain in storage at
the end of the current water year. For example, if 100 taf are in storage at the end of
September of the current year, with a storage carryover factor of 70 percent, the storage
facility must maintain at least 70 taf by the end of September of the following year. While
implementing conservative carryover rules in reservoir operations will increase available
supplies during dry periods, total deliveries over normal hydrologic p~riods will be reduced
in comparison to more aggressive reservoir operations.

Model Runs
Storage carryover factors ranging from 0 to 70 percent were vaded in a set of model runs to
evaluate effects on water supply benefits 1) with and without expanded Banks Pumping
Plant capacity, 2) with varied targets for minimum Delta outflow, and 3) with varied unmet
demand target factors (described below). These model runs are described in Table SE-3
and summary results are displayed in Table SE-4. For comparability, all results are
measured using the Environmental Delta Outflow criteria (average of January through June
monthly Delta outflows up to 12,000 cfs) described previously.

.E.v.aluation - :Sensitivity Analysis
Varying the storage carryover factor results in negligible effects for all runs with existing
Banks Pumping Plant capacity. Less than 1-percent differences are seen in 71-year
average and minimum annual Environmental Delta Outflow throughout the range of storage
carryover factors evaluated. Charts displaying the five measures of Environmental Delta
OutfloW described in Table SE-2 plotted versus storage carryover factor for the existing
Banks Pumping Plant capacity condition are shown in Figures SE-3 through SE-6.

Minor effects occur in runs with expanded Banks Pumping Plant capacity. Less than
1-percent decreases in 71-Year Average Annual Environmental Delta Outflow and a
maximum 5-percent increase in Minimum Annual. Environmental Delta Outflow are seen
while varying storage carryover factors between 0 percent and 70 percent. A 7-percent
decrease occurs in Minimum Annual Environmental Delta Outflow while increasing the
storage carryover factor from 0 to 70 percent, with Delta outflow target set at 9,000 cfs and
unmet demand factor set at 50 percenL Plots of the five measures of Environmental Delta
Outflow versus storage carryover factor for the expanded Banks Pumping Plant capacity
condition are shown in Figures SE-7 through SE-10.

The storage carryover factor has a minimal effect in reserving water supplies through
extended dry periods when there are high levels of environmental demand in comparison to

reservoir The effects when Delta outflow ispotential yield. largest are produced target
reduced.
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, Table SE-3 ¯
South of Delta Off-Aqueduct Storage

Model Runs for Evaluation of Storage Carryover Factor

|
OUT_SO1.XLS SE_CO 1.XLS SEO01 G% 2.0 mar M~dmum Storage Volume

SEO02 10% 3,5~0 cfs Infl~,,~f~ut~ow
SE003 20% Exi~ Banks PP Cap~
SE004 30% Jan-Jun Outflow Tal~et. 12.000 cfs
SE005 40% Unmet Oemand Ta~et Factor., 100%

OUT_SOI~LS SE_CO2.XLS SE009 0% 2.0 m~f Maximum Storage Volume
SEO10 I0% 3,500 ds Inllow/Out{low
SEOH 20~. Ex~ng ~ks PP C~c~
SE012 30% Jan-Jun Outflow Target - 9,000
SE013 40% Unmet Demand Target Factor = !00%
SE014 50%
SE015 6O%
SE016 70%

OUT_SO1,XLS SE_CO3.XLS SE017 0% 2.0 m~f Max~nufn Storage Volume.
SE018 10% 3,500 cfs Inflow/Outflow Ca.p~city
SE0;9 2~% ExisUng Banks PP Cap~city
SE020 30% Jan-Jun Outflow Target = 12,000 ~fs
SE021 40% Unme~ Demand TaJ~et F~ctor = 50%
SE022 50%
SE023 6O%
SE024 70%

OUT_SO1.XLS SE_CO4.XLS SE025 0% 2.0 maf Maximum Storage Volume
SE026 ~o% 3,S0o cfs Inflow/Outflow Cal~c~
SE027 20% Existing Ba~ks PP Cap~city
SE028 30% Jan-Jun Outflow Target - 9,000
SE~9 40% (Jnmet Demand Target Factor,,

SE0~32 70%

OUT_SO1.XLS SE_COS.XLS SE033 0% 2.0 mar Maximum Storage Volume
SE034 10% 3,500 cfs Inflow/Outflow Capacity
SE035 20% S01 Batiks PP Capacity
SE038 30% Ja,-PJun Oul/tow T~et = 12.0oO cfs
SE037 40% Unmet Demand Target Factor. 100%

SE040 70%

OUT_SO1.XLS SE_CO6.XLS SE041 0% 2.0 m~f Maximum Storage Vo~me
SE042 10% 3,500 cfs Inflow/Outflow Capacity
SE043 20% SOl Barks PP Ca~
$E044 30% Ja~Jun Outflow Target = 9,000 cfs
SE045 4~% Unmet Demand Ta~et F-~u::tor = 100%
$E046 5O%
SE047 60%
SE048 70%

OUT_SO1.XLS SE_CO7.XLS SE049 0% 2.0 maf Maximum Storage Volume
SE050 10% 3,500 cf$ Inflow/Ouffk)w Capa~ty
SE051 20% SD! Banks PP Capac~’y
SE052 30% J~’PJun Outflow Target - 12,000 cfs
SE053 40% Unme~ Demand Target.FaVor = 50%
SE(~4 50%
SE055 60%
SE056 70%

OUT_SO1.XLS S~_COS.XLS SE057 0% 2.0 n~d Maximum Storaga Volume
SE0~8 10% 3,500 cf$ Inflow/Ouffk)w Capacity
SE0~9 2~% SO; Banks PP Capacity
SE060 30% Jan-Jun O~low Target = 9,000 ds
SE061 40% Unmet Demand Target Factor, 50%

SE064 70%

SF._COSM.XLS: Runs
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Table SE-4

South of Delta Off-Aqueduct Storage
Environmental, Delta Outflow vs. Storage Carryover Factor ,

Under Various Operational Conditions1
(Values in b~ousands of acre-feet)

71-Year Avera4{e 3,912 3,811 &810 3,809 3,607 &904 3,900 3.8{{4 ~ 3,912 0~%
828-34 D~ Pedod Ave~ ~81 3.231 3~I 3.?..{{0 3.2~ 3~80 ~ ~70 3.278 ~I 0.1%

D~ Year Ave~ 8,716 3,713 3.~ 3,~ 3,700 3.684 3,~ ~ ~ ~716 I~%

71-Y~ Av~ ~18 3,917 3,917 3,916 3,915 ~g14 3,~ 3,~ 3,~ 3,918

D--006445
D-006445



Preliminary Draft - 7 March 1997 Page SE-IO

Figure SE-3

r ~
South of Delta Off-Aqueduct Storage

Environmental Water Supply Benefits versus Storage
Carryover Factor

"
4,500 12,550

4,000 11,150

3,000 8,350

2,500 . 6,950

2,OOO 5,55O
0% 10% 20% 30% 40% 50% 60% 70%

Storage Carryover Factor

Assumptions
Storage Volume = 2.0 MAF ""1928-34 Dry Pedod Average
Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = Varies - - Critically Dry Year Average
Unmet Demand Target Factor = 100%
Jan-Jun Delta Outflow Target = 12,000 cfs --- - Minimum Annual

Total Water Supply Benefits (TAF/yri "

Storage Carryover Factor: 0% 70%
71-Year Average: 3,912 3,894
1928-34 Dry Pedod Average: 3,281 3,278
Average of all Dry Years: 3,716 3,668
Average of all Crit. Dry Years: 3,083 3,039
Minimum Annual: 2,410 2,422

SE_COI.XLS: XY-Tot Chart I
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i Figure SE-4

South of Delta Off-Aqueduct StorageI Environmental Water Supply Benefits versus Storage
Carryover Factor

4,500 .........

[

12,550

.
__ 4,000 t 11,150

o=. o~ "L" 3,500

’,. .,

T
9,750,

T= a,ooo ,, 8,350

2,500                   l- 6,950

0% 10%    20%    30%    40%    50% 60% 70%

Storage Carryover Factor

Assumptions
Storage Volume = 2.0 MAF "’1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = Vades - - Critically Dry Year Average
Unmet Demand Target Factor = 100%
Jan-Jun Delta Outflow Target = 9,000 cfs --" - Minimum Annual

Total Water Supply Benefits (TAF/yr)

Storage Carryover Factor:. 0% 70%
71-Year Average: 3,888 3,872
1928-34 Dry Pedod Average: 3,297 3,290
Average of all Dry Years: 3,686 3,654
Average of all Cdt. Dry Years: 3,151 3,108
Minimum Annual: 2,410 2,433

SE_CO2.XLS: XY-Tot Chart 1
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I

Figure SE-5
I

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Storage

ICarryover Factor

4,500 ~ 12,550

4,000 11,150
I

3,000 - ~ 8,350

2,500 , 6,950

2,000 5,550 I
0% 10% 20%    30%    40%    50%    60%    70%

Storage Carryover Factor
I

Assumptions
Storage Volume = 2.0 MAF "--"1928-34 Dry Period Average

IConveyance Capacity = 3,500 cfs
Existing Banks PP Capacity - - Dry Year Average
Env. Storage Carryover Factor = Varies " - Critically Dry Year Average

IUnmet Demand Target Factor = 50%
Jan-Jun Delta Outflow Target = 12,000 cfs         -’- - Minimum Annual

¯ "                                  Total Water Supply Benefits (TAF/yr)                                 I

Storage Carryover Factor:. 0% 70%
71-Year Average: 3,902 3,884 I1928-34 Dry Pedod Average: 3,289 3,285Average of all Dry Years: 3,712 3,667Average of all Cdt. Dry Years: 3,!31 3,074

IMinimum Annual: 2,410 2,427

I
SE_CO3.XLS: XY-Tot Chart 1

I
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Figure SE-6

South of, Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Storage

Carryover Factor

4,500 I ""

!

12,550

3, 00 9,750

2,000 !                                                                5,550
0% 10% 20%    30%    40%    50% 60% 70%

Storage Carryover Factor

Assumptions
Storage Volume = 2.0 MAF -’--"’1928-34 Dry Pedod Average
Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = Varies - - Critically Dry Year Average
Unmet Demand Target Factor = 50%
Jan-Jun Delta Outflow Target = 9,000 cfs ~ - Minimum Annual

Total Water Supply Benefits (TAF/yr)

Storage Carryover Factor:. 0% 70%
71 -Year Average: 3,849 3,844
1928-34 Dry Period Average: 3,296 3,289
Average of all Dry Years: 3,611 " 3,608
Average of all Cdt. Dry Years: 3,113 3,087
Minimum Annual: 2,410 2,436

SE_CO45(LS: XY-Tot Chart I
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Figure SE,-7

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Storage []

Carryover Factor

4,500 12,550

-- 4,000 ,,, ~, 11,150

~ °~ ~ ~,~00 . " .. ~,~0
"’~.

.. .
~ ?= ~,ooo 8,~o-
O

2,500 ....... 6 950

2,000                                            5,550
0% 10%    20%    30%    40%    50%    60%    70%

Storage Car~over Factor

Assumptions
Storage Volume = 2.0 MAF ~1928-34 D~ Pedod Average
Conveyance Capaci~ = 3,500 cfs
SDI Ban~ PP Capaci~ - - D~ Year Average

Env. Storage Car~over Factor = Varies - - C~i~lly D~ Year Average
Unmet Demand Target Factor = 100%
Jan-Jun Delta Outflow Target = 12,000 cfs ~ - Minimum Annual

-To~l Water Supply Benefits ~AF/yr)

Storage Ca~over FaVor: 0% 70%
71-Year Average: 3,997 3,970
1928-34 D~ Pedod Average: 3,3~ 3,335
Average of all D~ Years: 3,879 3,834
Average of all Cdt. D~ Yearn: 3,268 3,125
Minimum Annual: 2,410 2,502

SE~OS.XLS: ~-Tot Cha~ 1
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Figure SE-8

South of Delta 0ff-Aqueduct Storage
Environmental Water Supply Benefits versus Storage

Carryover Factor

4,500 12,550

4,000 11,150

I < 3,000 8,350

i I--
2500 " " = --- ............. 6950

2,000 5,550
0% 10% 20%    30%    40%    50%    60%    70%

Storage Carryover Factor

Assumptions                   """71-Year Average

Storage Volume = 2.0 MAF "--’-1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = Varies - - Critically Dry Year Average
Unmet Demand Target Factor = 100%
Jan-Jun Delta Outflow Target = 9,000 cfs --= - Minimum Annual

Total Water Supply Benefits (TAF/yr)

Storage Carryover Factor:. 0% 70%
71 -Year Average: 3,918 3,904
1928-34 Dry Pedod Average: 3,357 3,337
Average of all Dry Years: 3,720 3,728
Average of all Cdt. Dry Years: 3,259 3,160
Minimum Annual: 2,505 2,567

SE_CO6.XLS: XY-Tot Chart 1
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Figure SE-9

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Storage

Carryover .Factor

4,500 12,550

4,000 t 11,150

;; . .....
3,000                                                                                                                                     8,350

2,500 . ...- - ~ --- - -- 6 950

2,000 , , 5,550
0% 10% 20% 30%    40%    50%    60% 70%

Storage Carryover Factor

Assumptions                   ""71-Year Average

Storage Volume = 2.0 MAF --"---1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = Varies " - Critically Dry Year Average
Unmet Demand Target Factor = 50%
Jan-Jun Delta Outflow Target = 12,000 cfs m . Minimum Annual

Total Water Supply Benefits (TAF/yr)

Storage Carryover Factor: 0% 70%
71-Year Average: 3,959 3,939
1928-34 Dry Period Average: 3,352 3,343
Average of all Dry Years: 3,811 3,794
Average of all Cdt. Dry Years: 3,253 3,146
Minimum Annual: 2,410 2,519

SE_COT.XLS: XY-Tot Chart 1
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Figure SE-10

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Storage

Carryover Factor

|
4,500                                                               12,550

I
4,000 11,150, 0

.~= ~= 3,5oo 9,750. ,,,~=~ , ,,,,,, , ,,
~ T= ~- ~,ooo ~,~o

2,500 6,950

| 2,000                                          5,550
0%    10%    20%    30%    40%    50%    60%    70%

I                                          Storage Carryover Factor

--""71 -Year Average

I Assumptions
Storage Volume = 2.0 MAF ---"-’1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity - - Dry Year Average

i Env. Storage Carryover Factor = Varies - - Critically Dry Year Average
Unmet Demand Target Factor = 50%
Jan-Jun Delta Outflow Target = 9,000 cfs ~ - Minimum Annual

i
Total Water S~pply Benefits (TAF/yr)

i Storage Carryover Factor: 0% 70%
71-Year Average: 3,860 3,853
1928-34 Dry Period Average: 3,345 3,324
Average of all Dry Years: 3,603 3,601i Average of all Cdt. Dry Years: 3,1 89 3,1 48
Minimum Annual:                                         2,814       2,622

|
SE_CO8.XLS: XY-Tot Chart 1

|
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Water Supply Benefits versus January - June Delta Outflow Target
Background
A minimum Delta outflow target for the months of January through June is used in this
evaluation as a surrogate for environmental water demands. Higher demand levels (higher
Delta outflow targets) deplete reservoir storage more often, resulting in higher average
deliveries over normal hydrologic periods but reduced deliveries during extended dry
periods.

Model Runs
Minimum Delta outflow targets ranging from 8,000 to
model runs to evaluate effects on water supply benefits 1) with and without expanded
Banks Pumping Plant capacity, 2) vaded storage carryover factors, and 3) varied unmet
demand target factors (described below). These model runs are described in Table SE-5
and summary results are displayed in Table SE-6. For comparability,, all resultsare
measured using the Environmental Delta Outflow criteria (average of January through June
monthly Delta outflows up to 12,000 cfs) described previously.

Evaluation - Sensitivity Analysis
Minor effects of varying minimum Delta outflow targets are observed in runs with existing
Banks Pumping Plant capacity. Less than a 3-percent increase in 71-Year Average Annual
Environmental Delta Outflow and less than a 2-percent decrease in Minimum Annual
Environmental Delta Outflow are observed as the operating target is increased from 8,000
to 15,000 cfs. Variable effects are seen in dry and cdtical year averages, all within a 7-
percent range. Plots of the five measures of Environmental Delta Outflow versus January -
June Delta outflow target for the existing Banks Pumping Plant capacity condition are
shown in Figures SE-11 through SE-14.

Significant effects are observed in runs with expanded Banks Pumping Plant capacity.
Increases of 4 to 5 percent occur in 71-year averagss. Increases of up to 17 percent in
Minimum Annual Environmental Delta Outflow result as the operating target is reduced from
12,000 cfs to 9,000, with storage carryover factor set at 0 percent and unmet demand factor
(see next section) set at 50 percent. Plots of the five measures of Environmental Delta
Outflow versus January - June Delta outflow target for the expanded Banks Pumping Plant
condition are shown in Figures SE-15 through SE-18.

This operational parameter has a significant effect on minimum annual benefits with
increased Banks Pumping Plant capacity in place. A target of 9,000 cfs produces the
highest minimum annual benefits with minor losses in average annual benefits.

|
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Table SE-5

South of Delta Off-Aqueduct Storage
Model Runs for Evaluation of Delta Outflow Target

OUT_SO~-XLS SE_DE1.XLS SE065 8,000 2.0 mar Maximum Storage Volume

SE068 11,000 Storage. C~nyover Factor. 0%
SE06g 12,000 Unme( Demand Target Factor. 100%
SE070 13,000
SE071 14.00O
5E072 15,000

OUT_SO2.XLS SE_DE2.XLS S~073 8,000 2.0 maf Maximum Storage Volume
SE074 9,000 3,500 cfs Inflow/Outflow Capacity
SE075 10,000 Existing Banks PP Capacity
SE076 11,0~0 Storage Carryover Factor - 50%
SE077 12,000 Unmet Dema,-,,.1 Target Factor = 100%
SE078 13,000
SE079 14,000
SE080 15o000

OUT_SO2.XLS SE_DE3.XLS SE081 8,000 2.0 maf Maximum Storage Volume
SE082 9,000 3,500 cfs Inflow/~utflow Capacity
SEO~3 10,000 ~sting Banks PP Capacity
SE084 11,000 Storage C~r~over Factor ,- 0%
SE085 12,000 Unmet Demand Target Factor = 50%
SE086 13,000
SEOe7 14,000
SEOe8 15,000

OUT_SO2.XLS SE_DE4.XLS SE089 8,000 2.0 mar Maximum Storage Volume
SE090 9,000 3,500 cfs InflowK)utflow Capacity
SE091 10,000 Existing I]ank= PP Ca~olty
SE092 1t,000 Storage Carryover Factor = 50%
SE093 12,000 Unmet Demand Target Factor = 50%
SE094, 1
SE095 14,000
SE096 15

OUT_SO2.XLS SE_DES.XLS SE097 8,000 2.0 maf M.a:dmum Storage Volume
SE098 9,000 3,500 cf$ Inflow/Ouffkn~ Cap~cit~,
SE099 10,000 SDI Banks PP Capan~
SE 100 11,000 St~’age Carryover Factor = 0%
SE101 12,000 Unmet Demand Target Fact~ = 100%
SE102 13,000
SEII~I 14,~o

OUT_SO2.XLS SE_DE6.XLS SE105 8,000 2.0 maf Maximum Storage Volume
SE106 9,000 3,500 cfs Inflow/Outflow Capacity
SE107 10,000 SDI Banks PP Cap~
SE108 11,000 Storage Cam/over Factor = 50%
SE109 12,000 Unmet Demand Target Factor = 100%
SE 110 13,000
SEll 1 14,000
SEl12 15,000

OUT_SO2~XLS SE_DET.XLS SEll 3 8.000 2.0 maf Maxfmum Storage Volume
SE114 9.000 3.500 cfs Inflow/Outflow Cal:ec~y
SEl15 10.000 SDI Banks PP Capacity
SE116 11.000 Storage Canyover Factor - 0%
SE117 12.000 Unmet Oem~nd Target F~cter. 50%
SEl18 13.000
SEl19 14.000
SE120 15.000

OUT_SO2.XLS SE_DES~’Q.S S~121 8.000 2.0 maf Maximum Storage Volume

SE123 10.000 SD! Banks PP Cap,city
SE124 11.000 Storage Canyover Factor - 50%
SE125 12,000 Unmet Demand Target Factor = 50%
SE126 13.000
SE127 14.000
SE128 " 15.000

SE_DESM.XLS: Runs
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!

Table SE-6

South of Delta Off-Aqueduct Storage
Environmental Delta Outflow vs. Delta Outflow Target

Under Various Operational Conditionst
(Values in B0usands of acre-fesl~

I:~ta Outf~ Target (cfs): 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000
71-Year Average 3.860 3,888 3,902 3,906 3,912 3,917 3,921 3,924 3,860 3,924 1.7%
1928-34 Ory Pedod Average 3,296 3,297 3,296 3.289 3,281 3,273 3,270 3,270 3,279 3,297 0.8%
DryYearAvarage 3,629 3,686 3,706 3,705 3,716 3,727 3,721 . 3,713 ¯ 3.629 3,727 2.7%
Cltt~aly O~ Year Average 3,135 3,151 3,163 3,147 3.083 3.019 2,g85 2,974 2,974 3,163 6.4%
M|rdmum Annual 2,410 2,410 2,410 2.410 2,410 2,410 2,410 2,410 2,410 2,410 0.0%

Detta Outflow Tiuget (cfs): 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15.000
71-Year Avarage 3.856 3.883 3.892 3,897 3,904 3,g09 3.913 3.916 3,856 3,916 1.6%
1928-34 D~y Pedod Avera~ 3,294 3,294 3,294 3,287 3.280 3,272 3,270 3,270 3.270 3.294 0.8%
Dry Yea~ Average 3,630 3,681 3,683 3,691 3,6g4 3,692 3,682 3,677 3,630 3,894 1.8%
Cdtlc~ Dry Year Average 3,111 3.135 3,133 3,098 3,050 3,020 3,003 2,989 2989 3,135 4.9%
Mir~mum .~’~uaJ 2,423 2,423 2,423 2.419 2,417 2,414 2,413 2,413 2,413 2,423 0.4%

Delta Outflow Target (cfs): 8,000 9.000 10,000 11,000 12,000 13,000 14,000 15,000
71-Year Averse 3,821 3,849 3,873 3,888 3,902 3,908 3,912 3,916 3,821 3,916 2.5%
1928-34 Dry Par~od Average 3,295 3,296 3,296 3,293 3,289 3.286 3,282 3,278 3,278 3,296 0.6%
OW Year Average 3~558 3,611 3,658 3,683 3,712 3,707 2,716 3,723 3,558, 3,723 4.6%
Cdtk~lly O~y Year Average 3,061 3,113 3,141 3,133 3,131 3.~15 3,064 3,014 3,014 3,141 4.2%
Minimum .~nu al 2,434 2,410 2,410 2,410 2.410 2,410 2.410 2,410 2,410 2,434 1.6%

Delta Outflow Tan~et (cfs): 3,000 9.000 10,000 11.0O0 12,000 1 3,000 14,000 15,000
71-Year Average 3,820 3.848 3,869 3,884 3,893 3,900 ~,905 3,909 3,820 3,909 2.3%
1928-34 Dry Pedod Average 3"291 3293 3.294 3"290 3,287 3,284 3,280 3,276 3,276 ~’294 0.5%
Dry Year Average 3,559 3,614 3.650 3.676 3,687 3,694 3.693 3,689 3,559 3,694 3.8%
Cdt~ D~y Year Average 3,054 3.103 3,123 3,126 3.107 3.072 3,035 3.015 3,015 3,126 3.7%
Minimum Annual 2,460 2,430 2.423 2,422 2,420 3,4t8 2.417 2,415 2.415 2,460 1~

D1dta Outflow Target (cfs): 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000
71-Year Average 3,873 3,918 3,958’ 3,980,, 3,997 4,012 4,026 4,038 3,873 4,038 4.3%
1928-34 Dry Pedod Average 3,350 3,357 3,35g 3.352 3,345 3,337 3,335 3,334 3,334 3.359 0.8%
Dry Year Average 3,620 3,720 3,809 3,866 3,879 3,883 3.888 3,899 3,820 3,899 7.7%
Cdtic~lly Dnj Ye~" Average 3,225 3,259 3,288 3"269 3,268 3,239 3,196 3,165 3,165 3,288 3.9%
Mini~,um ~.al 2,~ 2~os 2.410 2.410 2.410 2,410 2.410 2,410 2,410 2,~ 12.0./.

Run [dent~fle~:
Delta Outflow Target (c{s): 8,000 9.000 10,000 .11,000 12.000 13.000 14.000 15,000
71oYear Ave~-age 3.868 3.914 3,949 3.967 3,9~4 3.999 4.015 4,026 3.868 4.026 4.1%
1928-34 Ory Pedod Average 3,343 3,350 3.354 3.347 3.340 3.332 3.329 3,328 3,328 3,354 0.8%
Dry Year Average 3,622 3,732 3,823 3,858 3.868 3,878 3.882 3,882 3,622 3,882 7.2%
Cdlk:ally Di,j Y~ar Average 3,191 3"216 3,213 3,193 3.171 3,143 3,131 3.128 3,128 3,216 2.8%
Minimum .~-¢lij al 2,654 2.577 2.531 2,492 2,484 2,476 2.473 2.472 2,472 2,654 7.4%
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n . Figure SE-11

South of Oeita Off-Aqueduct Storage

n Environmental water supply Benefits versus Jan - Jun Delta
Outflow Target
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8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000

I Jan - Jun Delta Outflow Target

I Assumptions

Storage Volume = 2.0 MAF "’="1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs

I Existing Banks PP Capacity " " Dry Year Average
Env. Storage Carryover Factor = 0% - - Critically Dry Year Average
Unmet Demand Target Factor = 100%
JamJun Delta Outflow Target = Vades --- - Minimum Annual

Total Water Supply Benefits (TAF/yr)

i Delta Outflow Target (cfs): 8,000 15,000
71 -Year Average: 3,860 3,924
1928-34 Dry Period Average: 3,296 3,270
Average of all Dry Years: 3,629 3,713i Average of all Cdt. Dry Years: 3,135 2,974
Minimum Annual: 2,410 2,410

|
SE._DE1 .XLS: XY-Tot Chart I
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Figure SE-12
I

S̄outh of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Jan - Jun Delta I

Outflow Target
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I
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8,000 9,000 10,000 11,000 12,000 13,000. 14,000 15,000

IJan - Jun Delta Outflow Target

Assumptions ~71-Year Average
IStorage Volume = 2.0 MAF "=="’-1928-34 Dry Pedod Average

Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity - - Dry Year Average

IEnv. Storage Carryover Factor = 50% - - Critically Dry Year Average
Unmet Demand Target Factor = 100%
Jan-Jun Delta Outflow Target = Varies -"- - Minimum Annual

I
Total Water Supply Benefits (TAF/yr)

Delta Outflow Target (cfs): 8,000 15,000
I71 -Year Average: 3,856 3,916

1928-34 Dry Period Average: 3,294 3,270
Average of all Dry Years: 3,630 3,677

IAverage of all Cdt. Dry Years: 3,111 2,989
Minimum Annual:                                        2,423      2,413

I
SE_DE2.XLS: XY-Tot Chart 1
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Figure SE-13

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Jan - Jun Delta

Outflow Target
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m 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000

Jan - Jun Del~ Ouffiow Target

m Assumptions

Storage Volume = 2.0 MAF "m==’’ 1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs

m Existing Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = 0% - - Critically Dry Year Average
Unmet Demand Target Factor = 50%

m Jan-Jun Delta Outflow Target = Varies            m . Minimum Annual

Total Water Supply Benefits (TAF/yr)

m Delta outflow Target (cfs): 8,000 15,000
71 -Year Average: 3~821 3,916
1928-34 Dry Period Average: 3,295 3,278

m Average of all Dry Years: 3,558 3,723
Average of all Cdt. Dry Years: 3,061 3,014
Minimum Annual: 2,434 2,410

|
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Figure 8E-14 1
South of Delta Off-Aqueduct Storage i

Environmental Water Supply Benefits versus Jan - Jun Delta 1
Outflow Target

|
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Jan - Jun D~I~ Ouffio~ Target m
Assumptions lStorage Volume = 2.0 MAF ""’1928-34 Dry Period Average

Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity - - . Dry Year Average l
Env. Storage Carryover Factor = 50% - - Critically Dry Year Average
Unmet Demand Target Factor = 50%
Jan-Jun Delta Outflow Target = Varies "- - Minimum Annual m

m
Total Water Supply Benefits (TAF/yr)

Delta Outflow Target (cfs): 8,000 15,000 m
71-Year Average: 3,820 3,909 m
1928-34 Dr~ Pedod Average: 3,291 3,276
Average of all Dry Years: 3,559 3,689 m
Average of all Cdt. Dry Years: 3,054 3,015 m
Minimum Annual: 2,460 2,415

SE_DE4.XLS: XY-Tot Chart 1
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I Figure SE-15

South of Delta Off-Aqueduct Storage
I Environmental Water Supply Benefits versus Jan - Jun Delta

Outflow Target

|
I

.00~.~. 3,500 ! 9,750

I               ’%oo             ,.
I 9,000 10,000       0 12,000 13,000      00 15,000

Jan - Jun Delta Outflow Target

I Assumptions
Storage Volume = 2.0 MAF "-"’-’1928-34 Dry Period Average

I Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = 0% - - Critically Dry Year Average
Unmet Demand Target Factor = 100%

I            I Jan-Jun Delta Outflow Target = Varies            "-- - Minimum Annual

Total Water Supply Benefits (TAF/yr)

I Delta Outflow Target (cfs): 8,000 15,000¯ 71-Year Average: 3,873 4,038
1928-34 Dry Period Average: 3,350 3,334I Average of all Dry Years: 3,620 3,899
Average of all Crit. Dry Years: 3,225 3,165
Minimum Annual: 2,699 2,410

I
SE_DE5.XLS: XY-Tot Chart 1
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Figure SE-16

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Jan - Jun Delta

Outflow Target
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2,000                                                             5,550
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Jan - Jun Delta Outflow Target

Assumptions . ~71-Year Average

Storage Volume = 2.0 MAF -"="1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = 50% - - Critically Dry Year Average
Unmet Demand Target Factor = 100%
Jan-Jun Delia Outflow Target = Varies m . Minimum Annual

Total Water Supply Benefits (TAF/yr)

Delta Outflow Target (cfs): 8,000 15,000
71 -Year Average: 3,868 4,026
1928-34 Dry Period Average: 3,343 3,328.
Average of all Dry Years: 3,622 3,882
Average of all Cdt. Dry Years: 3,191 3,128
Minimum Annual: 2,654 2,472

SE~DE6.XLS: XY-Tot Chart 1
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m Figure SE-17

South of Delta Off-Aqueduct Storage
m Environmental water supply Benefits versus Jan - Jun Delta

Outflow Target
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2,000                                                             5,550
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Jan - Jun Delta Outflow Target

Assumptions ~"71-Year Average .

Storage Volume = 2.0 MAF ""=-1928-34 Dry Period Ave.rage
Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = 0% = " Critically Dry Year Average
Unmet Demand Target Factor -- 50%
Jan-Jun Delta Outflow Target = Va~ries

m.. Minimum Annual

Total Water Supply Benefits (TAF/yr)

Delta Outflow Target (cfs): 8,000 15,000
71-Year Average: 3,826 4,014
1928-34 Dry Period Average: 3,315 3,341
Average of all Dry Years: 3,543 3,881
Average of all Crit. Dry Years: 3,111 3,227
Minimum Annual: 2,642 2,410

SE_DET.XLS: XY-Tot Chart I

D--006463
D-006463



Preliminary Draf~ -- 7 March t997 Page SE-28

Figure SE-18

S̄outh of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Jan - Jun Delta ¯

Outflow.Target

|
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2,000                                      5,550
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Jan - Jun Delta Outflow Target

Assumptions

Storage Volume = 2.0 MAF "’-"’--1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs

¯SDI Banks PP Capacity - - Dry Year Average

Env. Storage Carryover Factor = 50% - - Critically Dry Year Average
Unmet Demand Target Factor = 50%
Jan-Jun Delta Outflow Target = Varies --- - Minimum Annual

¯Total Water Supply Benefits (TAF/yr)

Delta Outflow Target (cfs): 8,000 15,000
71-Year Average: 3,826 4,001
1928-34 Dry Period Average: 3,315 3,335
Average of all Dry Years: 3,543 3,870 ¯
Average of all Cdt. Dry Years: 3,111 3,137
Minimum Annual: .2,642 2,478
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Environmental Water Demand Target FactorSupply Benefits versus Unmet

Because the storage carryover factor as implemented in the CALFED spreadsheet
operations model was only minimally effective in reserving water supplies for the most
critically dry years, an additional operational parameter, the unmet demand target factor,
was developed and added to the model.. The unmet demand target factor limits the amount
of release from water supply in any month to a set percentage of the unmet demand. With
this factor set at 100 percent, releases are made from storage to meet any shortage in Delta
outflow in comparison to the Delta outflow target. With the factor set at 50 percent, releases
are made from storage to meet only half of the shortage in Delta outflow. Because unmet
demand during extended dry periods overwhelms potential storage facility yield,
implementing this parameter at levels below 100 percent limits releases from storage,
providing additional supplies in later stages of extended dry periods.

Model Runs
Unmet demand target factors ranging from 30 percent ~o 100 percent were vaded in a set of
model runs to evaluate effects on water supply benefits 1) with and without expanded
Banks Pumping Plant capacity, 2) varied storage carryover factors, and 3) varied Delta
outflow targets. These model runs are described in Table SE-7 and summary results are
displayed in Table SE-8. For comparability, all results are measured using the
Environmental Delta Outflow criteria (average of January through June monthly Delta
outflows up to 12,000 cfs) described previously.

Evaluation - Sensitivity Analysis
Minor effects were exhibited in model runs with existing Banks Pumping Plant capacity.
Less than 2-percent increases in 71-Year Annual Average Environmental Delta Outflow and
less than 2-percent decreases in Minimum Annual Environmental Delta Outflow occur as
the unmet demand target factor is increased from 30 percent to 100 percent. Maximum
increases in Minimum Annual Environmental Delta Outflow occur with the unmet demand
factor set at 30 percent. Variable effects occur in dry and critical year averages, all within a
4-percent range. Plots of the five measures of Environmental Delta Outflow versus unmet
demand target factor for the existing Banks Pumping Plant capacity condition are shown in
Figures SE-19 through SE-22.

More significant effects occur in model runs with expanded Banks Pumping Plant capacity
and storage carryover factor set at 0 percent. Along with minor increases of 2 to 3 percent
in 71-year Average Annual Environmental Delta Outflow, substantial increases of up to
12 percent in Minimum Annual Environmental Delta Outflow occur with the Delta outflow
target set at 12,000 cfs and the storage factor set at 0 percent. With the Deltacarryover
outflow target set at 9,000 cfs, the storage carryover factor set at 0 percent, and the unmet
demand factor set at 50 percent, maximum increases of up to 12 percent in Minimum
Annual Environmental Delta Outflow This combination ofoccur. operationparameters
results in the highest Minimum Annual Environmental Delta Outflow of any combination of
operational parameters evaluated. Plots of the five measures of Environmental Delta
Outflow unmet demand factor for the Banks Plantversus target expanded Pumping
.capacity condition are shown in Figures SE-23 through SE-26.
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I

The environmental water supply demands considered in this evaluation significantly
outweigh potential south of Delta reservoir yields. As a result, the storage carryover factor
operational criteria is ineffective in reserving water supplies through extended dry periods.
Application of an unmet demand factor of less than 100 percent has the effect of
emphasizing deliveries in drier years. This operational control is more effective in
maximizing Environmental Delta Outflow in the last years of cdtical dry periods than the
storage carryover factor.

The combination of Delta outflow targetset at 9,000 cfs, the storage carryover factor set at
0 percent, and the unmet demand factor set at 50 percent results in the highest Minimum
Annual Environmental Delta Outflow of any combination of operational parameters
evaluated. However, water supply benefits over normal hydrologic periods are diminished
in inverse proportion as critical period supplies are emphasized.

|
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I

Table SE-8

ISouth of Delta Off-Aqueduct Storage
Environmental Delta Outflow vs. Unmet Oemand Target Factor

Under Various Operational Conditions1
(Values in 1Plousands of acre-fee/) []

Unmet Demand Target: 30% 40% 50% 60% 70% 80% g0% 100%
71-Year Avmlge 3.878 3.891 3,902 3,907 3,909 3,910 3,911 3,912 3,878 3"912 0.9% II
1928-34 On/" Period Average 3,292 3.291 3,289 3,288 3,286 3,285 3,283 3,281 3.281 3,292 0.3% mDnJ Year Average 3,666 3,688 3,712 3,707 3,708 3,714 3,716 3,716 3,666 3,716 1.4%
Cdtica, y D~ Year Average 3,122 3,121 3.131 3,133 3,122 3,106 3.093 3,083 3,083 3,133 1.8%
Minimum Annual 2,410 2,410 2,410 2,410 2,410 2,410 2.410 2,410 2.410 2,410 0.0%

Unmet Demand TaKjet: 30% 40% 50% 60% 70% 80% 90% 100%
71 -Year Average 3,875 3,887 3,893 3,899 3.g00 3,~2 3,903 3,904 3.875 3,904 0.8%
1928.34 Dry Pedod Average 3,290 3,289 3"287 3,285 3,284 3,283 3,281 3"280 3"280 3,290
Dry Year Average 3,656 3,676 3,687 3,692 3,692 3,694 3,694 3,694 3,656 3,694 1.0% ECrittcaUy Dry Year Average 3.111 3,118 " 3,107 3,094 3,079 3,067 3,058 3,050 3,050 3.118 2.2%
Minimum Annual 2,421 2,420 2,420 2,419 2,418 2,418 2,417 2.417 2,417 2,421 0.2%

[]UP.met Oemand Target: 30% 40% 50% 60% 70% 80% 90% 100%
71 -Year Average 3,821 3,835 3,849 3,862 3,870 3,878 3,884 3,888 3,821 3,888 1.8%
1928.34 Dry Pedod Average 3,295 3,296 3,296 3296 3,29~ 3,297 3,297 3,297 3295 3"297 0.1%
Dry Year Average 3,561 3,587 3,611 3,636 3,652 " 3,671 3,685 3,6~6 3.561 3,686 3.5%
Critically Dry Year Average 3,058 3,085 3,113 3,139 3,143 3.145 3,146 3,151 3,058 3.151 3.1% I
Minimum Annual 2.431 2,411 2,410 2,410 2.410 2,410 2,410 2,410 2"410 2,431 0.9% I

IUnmet Demand Target: ~ 40% 50% 60% 70% 80% 90% 100%
71 -Year Average 3,821 3,834 3,848 3858 3,867 3,874 3,879 3.883 3,821 3,883 1.6%
1928-34 Dry Pedod Average 3"290 3,292 3,293 3,294 3,294 3,294 3,294 3,294 3,290 3.294 0.1%
Dnj Year Average 3,563 ~588 3,614 3,634 3,651 3.662 3,673 3,681 3.563 3,681 3.3%
CrfficaJly Dry Year Average 3,051 3,079 3,103 3,115 3,123 3;131 3,135 3,135 3,051 3,135 2.7%
Minimum Annua~ 2,460 2,445 2,430 2"424 2,423 2,423 2.423 2,423 2,423 2,460 1‘5%

I

Unmet De~,~nd Target: 30% 40% 50% 60% 70% 80% 90% 100%
71-Year Average 3,902 3,932 3,959 3,978 3,987 3,991 3,994 3,997 3,902 3,997 2.4% I
1928-34 Dry Period Average 3,347 3,350 3,352 3,351 3,350 3,348 3,346 3,345 3,345 3,352 0.2%
Dry Year Average 3,676 3,748 3,811 3.848 3,866 3,876 3,878 3,879 3,676 3,879 5.5%
C~cally Dry Year Average 3,23~ 3,242 3,253 3,256 3,268 3,271 3,270 3,268 3,236 3.271 1.1
Mi~mum Annual 2,699 2,490 2,410 2,410 2,410 2,410 2,410 2,410 2,410 ¯ 2,699, 12.0%

Unmet Demar~d Target: 30% 40% 50% 60% 70% 80% 90% 100%
71-Year Average 3,899 3,929 3,953 3,967 3,973 3,978 3,981 3,984 3,899 3,984 2.2%
1928-34 Dry Pedod Average 3,347 3,347 3 348 3,347 3,345 3,343 3,342 3,340 3,340 3,348 0.2% I
Dry Year Average 3,690 3,761 3,821 3.846 3,856 3,864 3"866 3,868 3,690 3,868 4.8% ICritically Dry Year Average 3.194 3,204 3.196 3,194 3,188 3,182 3,176 3,171 3,171 3,204 1.1%
Minimum Annual 2,591 2,544 2,499 2.491 2,489 2.488 2,486 2,484 2,484 2,591 4.3%

[]Unmet Demand Target: 30% 40% 50% ~)% 70% . 81~ 90% 100%
71 -Year Average 3,828 3,845 3,860 3,875 3,887 3,898 3.908 3,918 3.828 3,918 2.4%
1928-34 Dry Pedod Average 3,320 3.343 3,345 3,350 3,352 3"354 3,355 3.357 3,320 3,357 1,1%
Dry Year Average 3,547 3,577 3,603 3,626 3,649 3,672 3,697 3,720 3,547 3,720 4.9%
Critically Dry Yea~ Average 3,111 3,156 3,189 3,224 3,241 3,250 3,253 3,259 3,111 3,259 4.8% I
Mint~num An~Ja~ 2,658 2,739 2,814 2,699 2,899 2,690 2,597 2,505 2,505 2,8’/4 12.3%

Unmet Demand T~get: 30% 40% 50% 60% 70% 8G% 90%. 100%
71-Year Average 3,828 3,844 3,859 3.871 3,883 3,893 3,904 3,914 3,828 3,914 2.2%
1928-34 Dry Padod Average 3,320 3,335 3,339 ¯ 3,343 3,346 3,347 3,348 3,35Q 3,320 3,350 0.9%
Dry Year Average 3,547 3,574 3,601 3,629 3,656 3,683 3,T0g 3,732 3"547 3.732 5.2%
Critically Dry Yea~ Average 3,111 3,151 3.180 3,195 3,203 3.209 3,213 3,216 3,111 3,216 3.4%
Minimum A~nu~l 2,656 2,739 2,708 2,662 2,622 2,608 2,592 2,577 2,577 2,739 6.3%

I

~See Table SE-7 fo( desctlp~o~ of ~peratlunal conditions.

|
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Figure SE-19

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Unmet Demand

Target Factor
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2,000
30% 40% 50% 60% 70% 80% 90% 100%

Unmet Demand Target Factor

Assumptions
Storage Volume = 2.0 MAF "’"1928-34 Dry Pedod AverageConveyance Capacity = 3,500 cfs
Existing Banks PP Capacity " " Dry Year Average
Env. Storage Carryover Factor = 0%
Unmet Demand Target Factor = Vades - - Critically Dry Year Average

Jan-Jun Delta Outflow Target = 12,000 cfs --- - Minimum Annual
--Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: 30% 100%
71-Year Average: 3,878 3~912
1928-34 Dry Period Average: 3,292 3,281
Average of all Dry Years: 3,666 3,716
Average of all Crit. Dry Years: 3,122 3,083
Minimum Annual: 2,410 2,410

|
SE__UD1 .XLS: XY-Tot Chart 1
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I

Figure SE-20
I

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Unmet Demand I

Target Factor
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Unmet Demand Target Factor

Assumptions ~71-Year Average I
Storage Volume = 2.0 MAF
Conveyance Capacity = 3,500 cfs --"-"--1928-34 Dry Pedod Average ..
Existing Banks PP Capacity - - Dry Year Average []
Env. Storage Carryover .Factor = 50%
Unmet Demand Target Factor = Vades - - Critically Dry Year Average

Jan-Jun Delta Outflow Target = 12,000 cfs --- - Minimum Annual
¯

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: 30% 100% m~
71-Year Average: 3,875 3,904
1928-34 Dry Period Average: 3,290 3,280
Average of all Dry Years: 3,656 3,694
Average of all Crit. Dry Years: 3,111 3,050 I
Minimum Annual: 2,421 2,417

SE_UD2.XLS: XY-Tot Chart I
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Figure SE-21

South of Delta Off-Aqueduct Storage
Environmental Water SupplyBenefits versus Unmet Demand

Target Factor
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Unmet Demand Target Factor

Assumptions ""’-71-Year Average
Storage Volume = 2.0 MAF -"-’1928-34 Dry Pedod AverageConveyance Capacity = 3,500 cfs
Existing Banks PP Capacity - - Dry Year Average
Env. Storage Carryover Factor = 0%
Unmet Demand Target Factor = Vades - - Critically Dry Year Average

Jan-Jun Delta Outflow Target = 9,000 cfs -’-- - Minimum Annual

Total Water Supply Benefits (’l’AF/yr)

Unmet Demand Target: 30% 100%
Average: 3,821 3,88871

1928-34 Dry Period Average: 3,295 3,297
Average of all Dry Years: 3,561 3,686
Average of all Cdt. Dry Years: 3,058 3,151
Minimum Annual: 2,431 2,410

SE_UD3.XLS: XY-Tot Chart 1
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Figure SE-22

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Unmet Demand

Target Factor
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Unmet Demand Target Factor

Assumptions
Storage Volume = 2.0 MAF -’"-1928-34 Dry Period Average
Conveyance Capacity = 3,500cfs
Existing Banks PP Capacity
Env. Storage Carryover Factor = 50% - - Critically Dry Year Average
Unmet Demand Target Factor = Varies
Jan-Jun Delta Outflow Target = 9,000 cfs "-" - Minimum Annual

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: 30% 100%
71-Year Average: 3,821 3,883
1928-34 Dry Period Average: 3,290 3,294
Average of all Dry Years: 3,563 3,681
Average of all Cdt. Dry Years: 3,051 3,135
Minimum Annual: 2,460 2,423

SE_UD4.XLS: XY-Tot Chart 1
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Figure SE-23

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Unmet Demand

Target Factor
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-~"-71-Year AverageAssumptions
Storage Volume = 2.0 MAF --"=’-1928-34 Dry Period AverageConveyance Capacity = 3,500 cfs
SDI Banks PP Capacity " - Dry Year Average
Env. Storage Carryover Factor = 0% - - Critically Dry Year Average
Unmet Demand Target Factor = Varies
Jan-Jun Delta Outflow Target = 12,000 cfs ---" - Minimum Annual

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: 30% 100%
71-Year Average: 3,902 3,997
.1928-34 Dry Period Average: 3,347 3,345
Average of all Dry Years: 3,676 3,879

of all Cdt. Years: 3,236Average Dry 3,268
Minimum Annual: 2,699 2,410

SE_UD5.XLS: XY-Tot Chart I

D--006473
D-006473



Preliminary Draft - 7 March 1997 Page SE-~8 I

Figure SE-24 ¯
I

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Unmet Demand

ITarget Factor
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Assumptions ’"’71-Year Average I
Storage Volume = 2.0 MAF --=-"-1928-34 Dry Pedod Average
Conveyance Capacity = 3,500 cfs I
SDI Banks PP Capacity - - Dry Year Average m
Env. Storage Carryover Factor = 50% - " Critically Dry Year Average
Unmet Demand Target Factor = Varies m
Jan-Jun Delta Outflow Target = 12,000 cfs "-" - Minimum Annual

Total. Water Supply Benefits (TAF/yr)

Unmet Demand Target: 30% 100% I
71-Year Average: 3,899 3,984
1928-34 Dry Period Average: 3,347 3,340
Average of all Dry Years: 3,690 3,868 ¯
Average of all Crit. Dry Years: 3,194 3,171
Minimum Annual: 2,591 2,484

SE_UD6.XLS: XY-Tot Chart I                                                                                            ~
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Figure SE-25

South of Delta Off,Aqueduct Storage
Environmental Water Supply Benefits versus Unmet Demand
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Env. Storage Carryover Factor = 0%
Unmet Demand Target Factor = Vades - - Critically Dry Year Average
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Total Water Supply Benefits (TAF/yr)

~ mmm Unmet Demand Target: 30% 100%
m 71-Year Average: 3,828 3,918

1928-34 Dry Period Average: 3,320 3,357
= Average of all Dry Years: 3,547 3,720m Average of all Crit. Dry Years: 3,111 3,259.

Minimum Annual: 2,656 2,505

SE_UD7~(LS: XY-Tot Chart 1

|
D--006475

D-006475



Prelimina~, Draft -- 7 March 1997 Page SE-40

Figure SE-26

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits versus Unmet Demand

Target Factor
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Assumptions
Storage Volume = 2.0 MAF
Conveyance Capacity = 3,500 cfs -’-"----1928-34 Dry Period Average

SDI Banks PP Capacity - - Dry Year Average
Env. Storage Carryover Factor = 50%
Unmet Demand Target Factor = Varies - - Critically Dry Year Average

Jan-Jun Delta Outflow Target = 9,000 cfs -- - Minimum Annual

Total Water Supply Benefits (-rAF/yr)

Unmet Demand Target: 30% 100%
71 -Year Average: 3,828 3,914
1928-34 Dry Period Average: 3,320 3,350
Average of all Dry Years: 3,547 3,732
Average of all Cdt. Dry Years: ¯ 3,111 3,216
Minimum Annual: 2,656 2,577

SE_UD8.XLS: XY-Tot Chart 1
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Selection of Bracketing Parameter SetsOperational
As described in the previous sections, sensitivity analyses were conducted using the
CALFED spreadsheet operations model to identify the effects of vadous operational
parameters on environmental water supply benefits, the information developedUsing
through this process, parameter sets were selected to represent the four bracketing
operation conditions described in Table SE-I.

Parameter sets which maximized 71-year Average Annual Environmental Delta Outflow
were chosen for the Normal Period Supply Operation conditions. Emphasizing this long-
term average clearly results in the largest quantity of total water supply deliveries over the
71-year hydrologic period. Developing a rational for selecting parameter sets for Dry Period
Supply Operation conditions is more complex. Several sets of operational parameters
resulted in relatively large Average Dry Year, Average Critically Dry Year, or 1928-34
Critical Dry Pedod Average Annual Environmental Delta Outflows. When examined in
detail, however, it was found the large averages are often due to a particularly large storage
release in one or two years, while no benefits are proviaed during many other critical years.
Because of this, parameter sets which maximized Minimum Annual Environmental Delta
Outflow were .selected for the Dry Pedod Supply Operation conditions.

Parameter sets for Normal Period Supply Operation and Dry.Period Supply Operation were
selected for the two external conditions considered in this evaluation, existing Banks
Pumping Plant capacity and expanded Banks Pumping Plant capacity. The resulting.
parameter sets for each of the four bracketing operation conditions are detailed in
Table SE-9.

|
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Table SE-9                                    ~i
South of Delta Off-Aqueduct Storage

Selected Parameter Sets for Bracketing Operational Conditons

|

A. Existing Banks PP Capacity Existing Banks PP Capacity
- Normal Period Supply Operation Storage Carryover Factor = 0%

Unmet Demand Target Factor = 100%
Jan-Jun Outflow Target = 15,000 cfs

B. Extsting Banks PP Capacity Existing Banks PP Capacity ¯
-- Dry Pedod Supply Operation Storage Carryover Factor = 50%

Unmet Demand Target Factor = 30%
Jan-Jun Outflow Target = 9,00.0 cfs ¯

C. Expanded Banks PP Capacity SDI Banks PP Capacity
- Normal Period Supply Operation Storage Carryover Factor = 0%

Unmet Demand Target Factor’= 100%
Jan-Jun Outflow Target = 15,000 cfs

|
D. Expanded Banks PP Capacity SDI Banks PP Capacity

- Dry Period Supply Operation Storage Carryover Factor = 0%
UnmetDemandTarget Factor = 50% ¯
Jan-Jun Outflow Target = 9,000 cfs

|

SE_RVSM.XLS: Conditions Table
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Comparison of Bracketing Operation Conditions
Model Runs
Model runs were completed for each of the four operation conditions using the parameter
sets described in Table SE-9. For comparative maximum storage volume waspurposes,
set at 2.0 maf with a 3,500 cfs inflow/outflow capacity. Table SE-10 compares the total and
net increased Environmental Delta Outflow under each operation condition.

Evaluation
The Normal Period Supply and Dry period Supply Operation conditions bracket the range of
potential storage operations. Supply Operation maximizes total averageNormalPedod
water supply benefits, as measured by the 71-Year Average Annual Environmental Delta
Outflow. Dry Pedod Supply Operation maximizes water supply benefits in extremely dry
years, as measured by the Minimum Annual Environmental Delta Outflow. Contrasting
these bracketing ope.rations for the existing Banks Pumping Plant capacity condition,
Normal Period Supply Operation (Condition A) results in a net benefit of 150 taf in 71-Year
Average Annual Environmental Delta Outflow, as comparedto a net benefit of 50 taf under
Dry Period Supply Operation (Condition B). Conversely, Dry Period Supply Operation
(Condition B) results in a net benefit of 50 taf in Minimum Annual Environmental Delta
Outflow, compared to a net benefit of 0 taf in Minimum Annual Environmental Delta Outflow
udder Normal Period Supply Operation (Condition A).

More significant benefits are achieved under the expanded Banks Pumping Plant capacity
conditions. Contrasting the bracketing Operation Conditions C and D, Normal period
Supply Operation (Condition C) results in a net benefit of 270 taf in 71-Year Average Annual
Environmental Delta Outflow, as compared to a net benefit of 90 taf under Dry Period
Supply Operation (Condition D). Conversely, Dry Period Supply Operation results in a net
benefit of 50 taf in Minimum Annual Environmental Delta Outflow, compared to a net benefit
of 0 taf in Minimum Annual Environmental Delta Outflow under Normal Period Supply
Operation.

Figures SE-27 and SE-28 compare the relative effects of the four operation conditions on
an annual basis. In these charts, bars represent the total Environmental Delta Outflow for
the 71 years used in the model simulations, sorted from minimum to maximum. For
comparison, base case.Environmental Delta Outflow is represented with a line in each
chart. Figure SE-27 compares Normal Pedod Supply and Dry Pedod Supply Operations
(Conditions A & B) for the existing Banks Pumping Plant capacity condition. While minor
benefits are seen during the driest years under Dry Period Supply Operation (Condition B),
benefits during average-type water years is significantly reduced. Similarly, Figure SE-28
compares Normal Period Supply and Dry Period Supply Operations (Conditions C & D) for
the expanded Banks Pumping Plant capacity condition. More significant benefits occur
during the very driest years under Dry Pedod Supply Operation (Condition D); however,
benefits during average-type water years are once again significantly reduced in
comparison to Normal Period Supply Operation (Condition C).

SE-29 presents same used in Figures SE-28 in a frequency-of-Figure th~ data SE-27 and
exceedence format. In this chart, total annual Environmental Delta Outflow for the base
case and the four operation conditions is plotted against frequency of exceedence. As
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I

described above, significantly higher benefits in average-type years are shown with Normal
Pedod Supply Operation, with relatively smaller net gains in drier years under Dry Period
Supply Operation.

To provide a better understanding of the year-to-year operations that occur under the four
bracketing operation conditions, Figures SE-30 through SE-33 display the simulated storage
releases that occur throughout the 71-year hydrological sequence. Ih each chart, bars
represent annual volumes of storage releases and a solid line represents the annual volume
of water required to fully meet the Environmental Delta Outflow target of 12,000 cfs for
January through June. For each operation condition, an operational Delta outflow target
was chosen to control storage operations. A dashed line represents the annual volume of
water required to meet this operational Delta outflow target. As can be seen in these
charts, under Normal Period Supply Operations (Conditions A and C) larger annual volumes
of water are released in relatively few years of the 71-year hydrologic sequence. Under Dry
Period Supply Operations (Conditions B and D), annual releases are much smaller, but
occur on a much more frequent basis.

Simulated end-of-month storage volumes for the four bracketing operation conditions are
shown in Figures SE-34 through SE-37. As expected, storage volumes show much larger
variability under Normal Period Supply Operations (Conditions A and C) in comparison to
Dry Period Supply Operations (Conditions B and D). Under Condition A (Existing Banks
Pumping Plant -- Normal Period Supply Operation), the maximum storage volume of 2.0
mar is reached in only one year of the 71-year hydrologic sequence. Contrarily, under
Condition D (Expanded Banks Pumping Plant Capacity - Dry Period Supply Operation), the
2.0 maf storage volume remains mostly full over much of the 71-year hydrologic sequence.

|
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Table SE-10
South of Delta Off-Aqueduct Storage

Environmental Delta Outflow vs. Operational Condition
for 2.0 MAF Maximum Storage Capacity

(Values in thousands of acre-feet)

71-Year Average 3,774 3,774 3,924 150 3,821 47 4,038 264 3,860 86

1928-34 Dry Period Average 3,249 / 3,249 3,270 22 3,290 42 3,334 85 . 3,345 96

Dry Year Average 3,484 3,464 3,713 229 3,563 79 3,899 415 3,603 119

Critically Dry Year Average 2,942 2,942 2,974 32 3,051 109 3,165 223 3,189 247

Minimum Annual 2,410 2,410 2,410 0 2,460 50 2,410 0 2,814 404

1See Table SE-9 for description of operational conditions.
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Figure SE-27

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits Under a Range of Operational Conditions

mmmA. Existing Banks PP Capacity -- Assumptions Total Water Supply Benefits (TAF/yr)
Normal Period Supply Operation Maximum Storage Capacity = 2.0 MAF Operation Condition: A B

B. Existing Banks PP Capacity Dry Conveyance Capacity = 3,500 cfs
71-Year Average:

3,2703’924
3,821

-- 1928-34 Dry Pedod Average: 3,290Period Supply Operation Average of all Dry Years: 3,713 3,563
Average of all Crit. Dry Years:Base Case (No Storage, Existing 2,974 3,051

Banks Cap.) Minimum Annual: 2,410 2,460
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Figure SE-28

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits Under a Range of Operational Conditions

C. Expanded Banks PP Capacity -- Assumptions Total Water Supply Benefits (TAF/yr)
Normal Period Supply Operation Maximum Storage Capacity = 2.0 MAF Operation Condition: C D

D. Expanded Banks PP Capacity --
Conveyance Capacity = 3,500 cfs 71-Year Average: 4,038 3,860

1928-34 Dry Pedod Average: 3,334 3,345Dry Period Supply Operation Average of all Dry Years: 3,899 3,603
~Base Case (No Storage, SDI Banks Average of all Crit. Dry Years: 3,165 3,189

Cap.) Minimum Annual: 2,410 2,814

4,500 12,550

4,000 11,150

~.. 3,500
9,750
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F̄igure SE’29

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits Under a Range of

Operational Conditions

4500 12,550

4000 11,15O

3000 8,350

2500 6,950

2000 5,550
100% 80% 60% 40% 20% 0%

Percent of Years at or Above

Assumptions Total Water Supply Benefits (TAF/yr)

Maximum Storage Capacity = 2.0 MAF Operation Condition: A    B C    D
Conveyance Capacity = 3,500 cfs 71-Year Average: 3,924 3,821 4,038 3,860

1928-34 Dry Period Average: 3,270 3,290 3,334 3,345
Average of all Dry .Years:    3,713 3,563 3,899 3,603
Average of all Crit. Dry Years: 2,974 3,051 3,165 3,189
Minimum Annual:           2,410 2,4602,410 2,814

~ Base Case (No Storage, Existing Banks Cap.)

~-A. Existing Banks PP Capacity -- Normal Period Supply Operation

...... B. Existing Banks PP Capacity -- Dry Pedod Supply Operation

...... C. Expanded Banks PP Capacity -- Normal Period Supply Operation

.... D. Expanded Banks PP Capacity -- Dry Period Supply Operation
"--" ’12,000 cfs Target
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Figure SE-31

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits Under Ol~rations Condition B

Existing Banks PP Capacity - Dry Period Supply Operations

~mm Releases from Storage Assumptions Total Water Supply Benefits (TAF/yr)
Maximum Storage Capacity = 2.0 MAF Operation Condition: B

’-----Outflow Requried for 12,000 Conveyance Capacity = 3,500 cfs 71-Year Average: 3,821
cfs Jan-Jun Target Existing Banks PP Capacity 1928-34 Dry Pedod Average: 3,290

- - - Outflow Requried for 9,000 Jan-Jun Delta Outflow Target:= 9,000 cfs Average of all Dry Years: 3,563
cfs Jan-Jun Target Env. Storage Carryover Factor = 50% Average of all Crit. Dry Years: 3,051

Unmet Demand Target Factor = a0% Minimum Annual: 2,460
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Figure SE-33

South of Delta Off-Aqueduct Storage
Environmental Water Supply Benefits Under Operations Condition D

Expanded Banks PP Capacity - Dry Period Supply Operations

=~m Releases from Storage Assumptions Total Water Supply Benefits (TAF/yr)
Maximum Storage Capacity = 2.0 MAF Operation Condition: D

"̄-""--Outflow Requried for 12,000 Conveyance Capacity = 3,500 cfs 71-Year Average: 3,860
cfs Jan-Jun Target SDI Banks PP Capacity 1928-34 Dry Period Average: 3,345

- - - Outflow Requried for 9,000 Jan-Jun Delta Outflow Target:= 9,000 cfs Average of all Dry Years: 3,603
cfs Jan-Jun Target Env. Storage Carryover Factor = 0% Average of all Crit. Dry Years: 3,189

Unmet Demand Target Factor = 50% Minimum Annual: 2,814
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Figure SE-35

South of Delta Off-Aqueduct Storage
End-of-Month Storage Volume Under Ol~rations Condition B
Existing Banks PP Capacity - Dry Period Supply Operations

Assumptions
Maximum Storage Capacity = 2.0 MAF
Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity
Jan-Jun Delta Outflow Target:= 9,000 cfs
Env. Storage Carryover Factor = 50%
Unmet Demand Target Factor = 30%
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Figure SE-37

South of Delta Off-Aqueduct Storage
End-of-Month Storage Volume Under Ol~rations Condition D

Expanded Banks PP Capacity - Dry Period Supply Operations
Assumptions

Maximum Storage Capacity = 2.0 MAF
Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity
Jan-Jun Delta Outflow Target:= 9,000 cfs
Env. Storage Carryover Factor = 0%

I~i Unmet Demand Target Factor = 50%
I
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Water Supply Benefits versus Maximum Storage Volume
Mode! .Ru.ps
Maximum volumes ranging from 100 taf to 2.0 maf variedstorage were ina setof model
runs that simulated the four bracketing operation conditions described previously. These
model runs are described in Table SE-11 and summary results are displayed in
Tables SE-12 and SE-13. For comparability, all results are measured .using the
Environmental Delta Outflow criteria (average of January through June monthly Delta
outflows up to 12,000 cfs) described previously.

Evaluation
Table SE-12 displays the five statistical measures of total Environmental Delta Outflow
achieved over the range of maximum storage volumes studied for each of the bracketing
operation conditions. Table SE-13 displays net increases in Environmental Delta Outflow
for the same range of maximum storage volumes and operation conditions. Figures SE-38
through SE-42 display plots of total Environmental Delta Outflow versus maximum storage
volumes. Figures SE-43 through SE-47 display plots of net increases in Environmental
Delta Outflow. The wide rangeof benefits seen in these plots between operation conditions
for any given maximum reservoir volume confirms that operation conditions must be more
thoroughly defined before the maximum storage volume of south of Delta storage facilities
can be optimized.

Figures SE-38 and SE-43 show that maximum 71-Year Average Annual Environmental
Delta outflow is achieved under Condition C (Expanded Banks Pumping Plant Capacity -
Normal Period Supply Operation). Under this operating condition, 71 -Year Average Annual
Environmental Delta Outflow continues to increase with diminishing incremental benefit
throughout the range of maximum storage volumes evaluated. With a maximum storage
volume of 3.0 maf, the largest maximum storage volume evaluated, a net increase of 310
taf is observed in 71-Year Average Annual Environmental Delta Outflow. About 71 percent
of this net benefit, a 220 taf increase in 71-Year Average Annual Environmental Delta
Outflow, is achieved with a maximum storage:volume of only 1.0 maf.

Under Condition A (Existing BanT<s Pumping Plant Capacity - Normal Period Supply
Operation), 71-Year Average Annual Environmental Delta Outflow also increases
throughout the range of maximum storage volumes evaluated, but with much smaller
incremental gains in comparison to Condition C. With a maximum storage volume of 3.0
maf, a net increase of 160 taf occurs in the 71-Year Average Annual Environmental Delta
Outflow. About 72 percent of this net benefit, or 110 taf is achieved with a 500 taf maximum
storage volume.

Figures SE-42 and SE-47 indicate that the largest Minimum Annual Environmental Delta
Outflow is achieved under Condition D (Expanded Banks Pumping Plant Capacity -- Dry
¯ Period Supply Operation). Under this operating condition, Minimum Annual Environmental
Delta Outflow increases dramatically between maximum storage volumes of 500 taf and 1.0
maf. A maximum net benefit of 400 taf in Minimum Annual Environmental Delta Outflow is
observed with a maximum storage volume of 1.25 maf. Under Condition D, no additional
Minimum Annual Environmental Delta Outflow is achieved with maximum storage volumes
larger than 1.25 maf.

-|
D--006493

D-006493



|
Preliminary Draft -- 7 March 1997                                                 Page SE-58

|Under Condition B (Existing Banks Pumping Plant Capacity - Dry Pedod Supply
Operation), a net increase in Minimum Annual Environmental Delta Outflow of 50 taf is
observed with a maximum storage volume of 500 taf. Under Condition B, no significant          I
additional Environmental Delta Outflow benefits are achieved with maximum storage
volumes larger than 500 taf.                                                          I
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Table SE-11
South of Delta Off-Aqueduct Storage

Model Runs for Evaluation of Maximum Storage Volume

3,~ ~ Infl~O~
~ ~ PP ~

S~ 1,~ U~et Dema~ T~et FaVor ~ 1~
~05 1,2~ J~Jun O~ Ta~et = 15,~ ~s

S~07 1,7~

S~10 3,~

S~14 7~ ~orage Ca~er Fa~ = ~
S~15 .1,~ Unmet Dema~ Ta~et FaVor = ~
S~16 1,2~ Ja~un O~w Ta~et = 9,~ ~s

S~18 1,7~
S~19 2,~
S~0 2,~

S~5 7~ Storage C~er Fa~ = 0%
S~6 ~ 1,~ Unmet D~a~ T~et Fair = 1~% "
S~7 1~ Jan~un O~ow Targ~ = 15,~ ~s

O~S~LS SE_RV4.XLS S~33 1~ ~x~nd~ ~ ~ Caea¢~ - D~ P~od ~ee~

~ 7~ ~orage Ca~er FaVor = 0%
S~ 1,~ Unm~ Dem~ Ta~ Fair = ~
S~ 1,2~ Ja~un O~ Ts~t = 9,~ ~s

1,750
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Table SE-12

South of Delta Off.Aqueduct Storage
Environmental Delta Outflow vs. Maximum Storage Volume

Under Various Operational Conditionst
(Vahms ~n thousands of acre-feet)

Run Identifiers:
Max. Storage Volume (lat): 0 100 250 750 1,500 2,500 3,000

71.Year Average 3,774 3,807 3,848 3,887 3,901 3,910 3,915 3,918 3,921 3,924 3,930 3,930 3,930 156" 4.1%

1928+34 Dry period Average 3,249 3,262 3266 3,270 3.270 3.270 32.70 32.70 3.270 3.270 3270 3,270 3270 22 0.7%

Dry Year Average 3.484 3,514 3,554 3,615 3,652 3,677 3,692 3,706 3,706 3,713 3,736 3.736 3,736 253 7,2%

Critically Dry Year Average 2,942 2,950 2.963 2,974 2,974 2,974 2,974 2,974 2,974 2,974 2,979 2,979 2,979 37 1

Minimum Annual 2.410 2,410 2,410 2,410 2.410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 0 0.0%

Run Identlfk~: :ii:SE212 :~

Max. Sto.~e Volume (tar): 0 100 2,~) 500 750 1.0OO 1250 1,500 1,750 2.0oo 2,500
47 12%

71-Year Average 3.774 3,791 3,802 3,811 3,816 3,819 3,820 3,821 3,821 3,821 3,821 3,821 3,821

1928-34 Dry Period Average 3,249 3.270 3,286 3,280 3.290 3,290 3,290 3,290 3,290 3,290 3.290 3,290 3,290 42 1

Dry Year Average 3,484 3,512 3,532 3,552 3,561 3,563 3,563 3,563 3,563 3,563 3,563 3,563 3,563 79 2.3%

Critically Dry Year Average 2,942 2,959 2,g85 3,008 3,027 3,040 3,O49 3,O51 3.051 3.051 3.051 3,O51 3,051 109 3.7%

Mtnknum Armuaf 2.410 2,423 2.452 2.460 2.480 2.460 2,480 2.460 2.460 2,460 ~,460 2.460 2.480 50 2.1%

Ruff
Max. Storage Volume (t~l): 0 100 250 500 750 1,250 1.750 3,000

71-Year Average 3,774 3,825 3,886 3,938 3.968 3.986 4,000 4,013 4.025 4,038 4,06~ 4,075 4,075 301 8.0%

1 S28-84 Dry Period Average 3,249 3,222 3,258 3,291 3.325 3.334 3,334 3,334 3,334 3,334 3,334 3.334 3,334 85 2.6%

Dry Year Average 3,484 3.523 3,590 3,669 3.733 3,791 3.823 3,844 3,871 3,899 3,034 3.937 3,937 453 13.0%

Critically Dry Year Average 2,942 2,947 2,964 3,007 3,051 3,079 3.100 3,122 3,143 3,165 3230 3,270 3,270 329 11.2%

Minlnmm Anntml 2,410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 2,410 0 0.0%

Ruff Identifiers:
Max. Storage Volume (tar): 0 100 500 750 1,000 1250 2,000 2,500 3,000

71-Year Average 3,774 3,8G2 3,822 3,839 3,848 3,654 3,857 3,859 3,880 3,860 3,860 3,860 3,860 86 2.3%

1928-34 Dry Period Average 3,249 3,222 3,258 3,287 3,315 3,343 3,345 3.345 3,345 3,345 3,345 3,345 8,345 96 3.0%

Crftlcally Dry Year AverageDry Year Average2,9423’4842.9543’5333,8063’5683,0693’5823,1113’6023,1453’6033,1643’603
3.603 3,803 3,603 3,603 3,603 3,603 118 3.4%

3,182 3,189 3,189 3,189 3,189 3,189 247 8.4%

Mk-dmurn AI~Aual 2,410 2,410 2,492 2,533 2,609 2,79~ 2,814 2,814 2.814, 2,814 2,814 2,814 2,814 404 .18.7%

.
+See Table SE-9 for description p! operational conditions.



Table SE-13

South of Delta Off-Aqueduct Storage
Net Increase in Environmental Delta Outflow vs. Maximum Storage Volume

Under Various Operational Conditions1
tn thousands of acre-feet)(Values

................ : I’~ o--- - =’~; ~ SE201 .~’.:: S ~’. ~-~.~ ......... : ’ ....... .......... " ~ .......... ’ ~ ¯
Max. Storage Volume (tar): 100 250 500 750 1,000 1,250 1,500 1,750 2,000 2,500 3,000
71-Year Average 33 74 113 127 136 141 144 147 150 156 156
1928-34 Dry Period Average 13 18 22 22 22 22 22 22 22 22- 22
Dry Year Average 30 70 131 168 193 ¯ 208 222 222 229 253 253
Critically Dry Year Average 8 21 32 32 32 32 32 32 32 37 37
Mintmum Annual 0 0 ~ 0 0 0 0 0 0 0 0 0

I ’ ~i i~’.:~’~ ~ ~i~ ~~:."~;!~’:i~’i~’~ ~ ~"~ ?~;-
Run Identifiers: I":: SE211 ,~-~: :SE212; ,,::~/8E213 ~!-~ SE214 ’:~;~:~ $E215 ~’~ 8E216~ " ; SE217 1 :’,’~SE218 ~,:i’ SE219 ’.:~SF-2"20 ~:~ ~ SF.22!: |

.̄ Max. Storage Volume (tar): 100 250 500 750 1,000 1,250 1,500 1,750    2,000 2,500 3,000
71-Year Average 17 28 37 42 45 46 47 47 " 47 47 47
1928-34 Dry Period Average 21 38 42 42 42 42 42 42 42 42 42
Dry Year Average. 28 48 68 77 79 79 79 79 79 79 79
Critically Dry Year Average 17 43 66 85 98 198 109 109 109 109 109

¯ Mintmum Annual 13 42 50 50 50 50 50 50 50 50 50

Max. Storage Volume Oaf): 100 250 500 750 1,000 1,250 1,500 1,750 2,000 2,500 3,000
71 -Year Average 51 112 165 194 212 226 239 251 264 268 301
1928-34 Dry Pedod Average -26 9 42 76 85 85 85 85 85 85 85
Dry Year Average 39 106 185 250 307 339 360 387 415 450 453
Critically Dry Year Average 6 22 65 109 137 158 - 180 201 223 268 329
Minimum Annual 0 0 0 0 0 0 0 0 0 0 0

Run Identifier~’: I-:,.iSE233~:I~::.IiSE234 ii~:;;i 8E235’~i!=~SE236-b’i:;’~ "~-’.-./-37~’~ SE238~;~ii~$E239~:~:~SF-240;~SE2-4,!.;~’~’~S~2~
Max. Storage Volume (taf): 100 250 .N~ 750 1,000 1,250 1,~ 1,750 2,1~ 2,~
71 -Year Average 28 48 65 74 80 83 85 86 86 86      86
1928-34 Dry Pedod Average -27 7 38 67 94 96 96 96 96 96 96
Dry Year Average 49 82 198 118 119 119 119 119 119 119 " 119

¯ Critically Dry Year Average 12 64 127 169 203 222 240 247 247 247 247
Minimum Annual 0 81 123 289 386 404 404 404 404 404 404

I11
’See Table SE-9 for description of operational conditions.
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Figure SE-38

South of Delta Off-Aqueduct Storage
71-Year Average Environmental Delta Outflow

versus Maximum Storage Volume
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I Figure SE-39

South of Delta Off-Aqueduct Storage
I 1928-34 Dry Period Annual Average Environmental

Delta Outflow versus Maximum Storage Volume
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Figure SE-40 m

South of Delta Off-Aqueduct Storage ¯
Dry Year Average Environmental Delta Outflow

versus Maximum Storage Volume
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Figure SE-41

South of Delta Off-Aqueduct Storage
Critical Year Average Environmental Delta Outflow

versus Maximum Storage Volume
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Figure SE-42 I

South of Delta Off-Aqueduct Storage
IMinimum Annual Environmental Delta Outflow

versus Maximum Storage Volume

I

I
4,500                                                                                                                                          12,550

I
4,000                                              11,!50         I

i         3,500                                                                                                                             9,750    ~,                  I

I
3,000                                                            8,350

2,500        ~ ~                                                                      , 6,950

I
,,ooo                    ,,,,o         I

0      ~00    1,000    1,500 2,000    2,50o 3,000
Maximum Storage Volume                                   I

"--’-Existing Banks PP Capacity -- Normal Period Supply Operation

""’Existing Banks PP Capacity -- Dry Period Supply Operation
IExpanded Banks PP Capacity -- Normal Period Supply Operation

Expanded Banks PP Capacity -- Dry Period SupplyOperation                      I

SE_RVSM.XLS: Min Annual Chart                                                                                 I

D--006502
D-006502



I
Pra(im(nary Draft - 7 March ~gg7 Page SE-87

I Figure SE-43

i South of Delta Off-Aqueduct Storage
Net increase in 71-Year Average Environmental
Delta Outflow versus Maximum Storage Volume
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Figure SE-44

South of Delta Off-Aqueduct Storage
INet Increase in 1928-34 Dry Period Annual Average

Environmental Delta Outflow
versus Maximum Storage Volume
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I Figure SE-45

i South of Delta Off-Aqueduct Storage
Net Increase in Dry Year Average Environmental
Delta Outflow versus Maximum Storage Volume
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Figure SE-46

South of Delta Off-Aqueduct Storage
Net Increase in Critical Year Average Environmental

Delta Outflow versus Maximum Storage Volume
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I
Figure SE-47

I South of Delta Off-Aqueduct Storage
Net Increase in Minimum Annual Environmental

i Delta Outflow versus Maximum Storage Volume
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Initial Sensitivity Evaluation of Operational Parameters and Storage Capacities
Using the CALFED Post-Processing Operations Model

South of Delta Off-Aqueduct Storage Facilities

AGRICULTURAL AND URBAN WATER SUPPLY EVALUATION

Introduction
Agricultural and urban water supply benefits from new south of Delta storage facilities .
would be achieved by diverting Delta water for storage during times of high flows and
concurrent low-impacts to the Delta ecosystem. This stored water would be released
for use during periods of need. The capacity of the new storage facility, rules governing
diversions into storage, and operational goals (e.g. maximum normal period supply or
maximum dry period supply) all affect the magnitude of potential agricultural and urban
water supply benefits.

The CALFED spreadsheet operations model was used to evaluate effects of various
operational rules and physical capacities of new south of Delta storage facilities on
potential agricultural and urban water supply benefits. A sensitivity analysis was
conducted by individually exemising the operational parameters through reasonable
ranges with a set south of Delta maximum storage capacity of 2.0 mar and
i lflow/outflow conveyance capacities of 3,500 cfs, devoted exclusively to agricultural
and urban water supply. Information from this phase of the evaluation was then used to
develop four sets of parameters which collectively bracket the range of potential
operations. These four sets bf parameters define two operational goals implemented
under two external conditions.

The first operational goal modeled is to maximize supplies over normal hyrdrologic
periods. This goal is achieved by imposing no storage carryover requirement and
releasing water from storage whenever unmet demand exists. A by-product of this type
of operation is that supplies in storage are often depleted when entering critically dry

The second is to maximize in the driest ofpedods. operationalgoal supplies years
normal hydrologic sequences. This goal is achieved by imposing carryover
requirements or limiting the amount of water delivered from storage in any given year.
While this type of operation usually results in relatively larger quantities of water in
storage for use during extended dry periods, overall long-term water deliveries are
diminished.

The two external conditions considered in this evaluation address the capacity of Banks
Pumping Plant, the State Water Project Delta pumping facility. Capacity of Banks
Pumping Plant significantly affects storage operations under both the normal period
supply and dry period supply operational goals considered in this evaluation. Under the
first external condition, existing Banks Pumping Plant capacity is assumed. Under the

|
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Table SA-1
Bracketing Operational Conditions

Condition Description

A Existing Banks PP Capa..cLty - Normal PeriodSupply Operation. This []
condition assumes that diversions to south of Delta storage are limited by
existing Banks Pumping Plant capacity and that the storage facility is
operated to provide maximum supplies over normal hydrologic periods.

B Existing Banks PP Capacity -- Dry Period Supply Operation. This condition
assumes that diversions to south of Delta storage are limited by existing
Banks Pumping Plant capacity and that the storage facility is operated to
provide maximum supplies in critically dry years.

C Expanded Banks PP Capacity -- Normal Period Supply Operation. This
condition assumes that diversions to south of Delta storage are
supplemented by an increased Banks Pumping Plant capacity as proposed
in the Department of Water Resources Interim South Delta Improvement []
Plan and that the storage facility is operated to provide maximum supplies
over normal hydrologic periods_.

D Expanded Bank~ PP Capacity - Dry Pedod Supply Operation. This
condition assumes that diversions to south of Delta storage are
supplemented by an increased Banks Pumping Plant capacity as proposed Ill
in the Department of Water Resources Interim South Delta Improvement
Plan and that the storage facility is operated to provide maximum supplies in
critically dry years.

Table SA-2
Statistical Measures of Agricultural and Urban Water Supply Benefits

Measure Description

1 71-Ye,ar Average Annual Agricultural and Urban Wal;er Supply Benefits.
Annual average over the historical hydrologic sequence used in the model
simulations.

2 1928-34 Critical Dry Period Average Annual Agricultural and Urban Water
~upply Benefits. Annual average over the seven year critical dry period.

3 Average Dry Year Agricultural and Urban Water Supply Benefits. Annual
average over the sixteen water years classified as dry years within the 71-
year hydrologic sequence.

4 Average Critically Dry Year Agricultural and Urban Water Supply Benefits.
Annual average over the eleven water years classified as critically dry years
within the 71-year hydrologic sequence.

5 Minimum Annual Agricultural and Urban Water Supply Benefits. The
minimum annual quantity that occurs over the 71-year hydrologic sequence.

D’006509
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second external condition, an expanded Banks Pumping Plant capacity as proposed in
the Department of Water Resources South Delta Improvements Plan is assumed. The
four operation conditions defined by the two operational goals under these two external
conditions are described in Table SA-1.

Once developed, parameters sets for each of the four operation conditions were input
to the CALFED spreadsheet operations model. Potential agricultural and urban water
supply benefits were evaluated for maximum storage capacities ranging from 100 tar to
3.0 mar. In this evaluation, south of Delta SWP and CVP demands were used as a
surrogate for agricultural and urban water supply demands. In actual practice,
agricultural and urban water supply benefits from south of Delta storage might be
designated to a subset of SWP and CVP users, other south of Delta agricultural and
urban users, or upstream of Delta users througha water exchange program. Five
statistical measures of agricultural and urban water supply benefits are included in this
analysis, as described in Table SA-2.

Agricultural and urban water supply benefits, as described by these five measures,
were estimated for each of the four sets of operation conditions over the range of
maximum storage volumes. While this information should not be considered definitive,
this evaluation illustrates the potential for agricultural and urban benefits from south of
Delta storage facilities and the effects of various operation conditions. The information
developed in this evaluation may be used to provide an initial refinement of the range of
storage volumes of potential south of Delta storage facilities which should be
considered in future studies.

Summary
This evaluation provides initial quantitative information on agricultural and urban water
supply benefits that might be provided by new south of Delta storage facilities.
Additional information on water" quality benefits, interaction with environmental water
supply opportunities, interactions with other potential new storage and conveyance
facilities, costs of new storage facilities, and environmental acceptability of new storage
facilities all be considered in further refinement of and urban watermust a agricultural
storage facilities.

Summary results of this initial evaluation are presented in Figures SA-1 and SA-2.
These charts depict net increases in 71-Year Average Annual Agricultural and Urban
Water Supply Benefits and Minimum Annual Agricultural and Urban Water Supply
Benefits, respectively, under the four operation conditions described in Table SA-1 for
storage volumes ranging from 0 to 3.0 maf. The charts allow comparison of the range
of potential benefits under vadous Banks Pumping Plant capacities, operational goals,
and storage capacities.

D 006510
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As evidenced by the ranges between the curves of Figures SA-1 and SA-2, this initial
evaluation demonstrates the importance of operating assumptions on the outcome of
water supply evaluations. As expected, normal period supply operations maximize
average annual water supplies, but provide little benefit during extended dry periods.
On the otherhand, dry period supply operations allow for carrying water in storage
through extended dry periods, at a very high cost in average annual yield. This is
illustrated by comparing the curves representing Existing Banks Pumping Plant
Capacity - Dry Period Supply Operation in Figures SA-1 and SA-2. As shown in Figure
SA-1, at a storage volume of 1.5 maf the Existing Banks Pumping Plant Capacity - Dry
Period Supply Operation reaches an net increase of about 50 taf in 71-Year Average
Annual Agricultural and Urban Water Supply Benefits. Figure SA-2 shows that
Minimum Annual Agricultural and Urban Water Supply Benefits reach a net benefit of
about 250 taf at this same 1.5 maf capacity. However, with the same 1.5 maf storage
capacity, the Existing Banks Pumping Plant Capacity - Normal Period Supply
Operation yields about 70 taf net increase for the 71-Year Average Annual Agricultural ’
and Urban Water Supply Benefits compared to 0 taf net increase for the Minimum
Annual Agricultural and Urban Water Supply Benefits.

This initial evaluation indicates that with existing Banks Pumping Plant capacity only
minor agricultural and urban watersupply benefits might be derived from new south of
Delta storage facilities. The net increase in 71-Year Average Annual Agricultural and
Urban Water Supply Benefits with a 1.5 mar maximum storage capacity is 70 taf. Only
minor increases in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits are possible with larger maximum storage capacities. Potential net increase in
Minimum Annual Agricultural and Urban Water Supply Benefits is about 250 taf and is
achieved with this same maximum storage capacity of 1.5 maf.

More significant agricultural and urban water supply benefits might be derived from new
south of Delta storage facilities with an expanded Banks Pumping Plant capacity. A net
increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits of
about 290 tar is possible with a storage capacity of 2.0 maf. Minor additional 71-Year
Average Annual Delta Outflow could be achieved with additional storage capacity, with
a net benefit of 310 taf with a 3.0 maf storage capacity. Potential net benefit in Minimum
Annual Agricultural and Urban Water Supply Benefits could exceed 420 taf with a
maximum storage capacity of 2.0 .maf.
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I
Figure SA-1

South of Delta Off-Aqueduct Storage

I Net Increase in 71-Year Average Ag & Urban Water Supply Benefits
versus Maximum Storage Volume
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|
Figure SA-2

¯ South of Delta Off-Aqueduct Storage                        ~
Net Increase in Minimum Annual Ag & Urban Water Supply Benefits           ~

versus Maximum Storage Volume[].
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Agricultural and Urban Water Supply Benefits versus Storage Carryover Factor
Background
The storage carryover factor is an operational parameter designed to provide a means of
reserving water supplies for use throughout extended dry pedods. In practice, complex
reservoir storage carryover rules may be devised to take into account runoff forecasting,
variable demand, current storage volume, and other criteria. In this model, a simple storage
carryover function has been included which allows the user to set a fraction of end-of-
September storage from the previous water year that will be required to remain in storage at
the end of the current water year. For example, if 100 tar are in storage at the end of
September of the current year, with a storage carryover factor of 70 percent, the storage
facility must maintain at least 70 taf by the end of September of the following year. While
implementing conservative carryover rules in reservoir operations will increase available
supplies during dry periods, total deliveries over normal hydrologic periods will be reduced
in comparison to more aggressive reservoir operations.

Model Run.s
Storage factors ranging from 0 to 70 percent were vaded in a set of model runs tocarryover
evaluate effects on water supply benefits 1) with and without expanded Banks Pumping
Plant capacity and 2) with varied unmet demand targets. These model runs are described
in Table SA-3 and results in Table SA-4. For allsummary are displayed comparability,
results are measured using total south of Delta SWP and CVP watersupply deliveries.

- Sensitivity Analysis_lSvaluation
Varying the storage carryover factor results in negligible effects for al! runs with existing
Banks Pumping Plant capacity. Less than 1-percent differences are seen in 71-Year
Average Annual Agricultural and Urban Water Supply Benefits and less than 3-percent
differences are seen in Minimum Annual Agricultural and Urban Water Supply Benefits
throughout the range of storage carryover factors evaluated. Charts displaying the five
measures of Agricultural and Urban Water Supply Benefits described in Table SA-2 are
plotted versus storage carryover factor for the existing Banks Pumping Plant capacity
condition are shown in Figures SA-3 and SA-4.

More substantial effects occur in runs with expanded Banks. Pumping Plant capacity. While
less than 1-percent decreases in 71-Year Average Annual Agricultural and Urban Water
Supply Benefits occur while varying storage carryover factors between 0 percent and
70 percent, Minimum Annual Agricultural and Urban Water Supply Benefits increase up to
11 percent. Plots of the five measures of Agricultural and Urban Water Supply Benefits
versus storage carryover factor for the expanded Banks Pumping Plant capacity condition
are shown in Figures SA-5 and SA-6.

The storage carryover factor has a minor effect in reserving water supplies through
extended dry pedods, but corresponding losses in normal period supply are negligibie. The
storage carryover factor has a larger relative effect with larger unmet target demands.
Storage carryover factors of 50 to 60 percent appear to be the most effective.

|
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Table SA-3
South of Delta Off-Aqueduct Storage ¯

Model Runs for Evaluation of Storage Carryover Factor

OUT_SO1.XLS SA_CO1.XLS SA001 0% 2.0 maf Maximum Storage Volume
SA002 10% 3,500 cfs Inflow/Outflow Capacity
SA003 20% Existing Banks PP Capacity
SA004 30% Unmet Demand Target = SWP & CVP
SA005 40% ¯
SA006 5O%
SA007 60%

OUT_SO1.XI.S SA_CO2.XLS SA009 0% 2.0 maf Maximum Storage Volume
SA010 1 0% 3,500 cfs Inflow/Outflow Capacity
SA011 20% Existing Banks PP Capacity
SA012 30% Unmet Demand Target = SWP
SA013 40%
SA014 50%
SA015 60%
SA016 70%

OUT_SO1.XLS SA_CO3~XLS SA017 0% 2,0 mar Maximum Storage Volume
SA018 10% 3,500 cfs Inflow/Outflow Capacity
SA019 20% SDI Banks PP Capadty
SA020 30% Unmet Demand Target = SWP & CVP
SA021
SA022 50%

SA024 70%

OUT_SO1.XLS SA_CO4.XLS SA025 0% 2.0 maf Maximum Storage Volume
SA026 10% 3,500 cfs Inflow/Outflow Capaolty
SA027 20% SDI Banks PP Capacity
SA028 30% ¯ Unmet Demand Target = SWP
SA029 40%
SA030 50%

SA032 70%

S~,..COSM,XLS: Runs
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[]                                        Table SA-4

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits vs. Storage Carryover Factor

Under Various Operational CondiUons1
(Values in thousands of acre-feet)

Run lde~fffem:

71-Year Average 5,996 5,996 5,996 5.995 5.994 5,993 5,991 5,9~8 5,988 5,996 0.1%

I 1928-34 [by Period Average 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 0.0%
DW Y~ar Avenge 5,510 5,505 5,500 5,496 5.492 5,488 5,483 5,475 5,475 5~10 0.6%
C~ O~y Yea~ Average 3,421 3,423 3,425 3,427 3,431 3.436 3,442 3,448 " 3,421 3.448 0.8%
Minimum AnnuaJ 2~:)6 2~08 2~11 2~16 2~221 2~27 2;232 2~36 2~)6 2~36 1.4%

Run Idenl~ers:
Storage Carryover Factor 0% 10% 20% :30% 40% 50% 60% 70%
71-Year Average 5,979 5,978 5,978 5,977 5,975 5,973 5,970 5,665 5,965 5,979 0.2%
1928-34 Dry Pedod Average 3,944 3,944 3,943 3,943 3,942 3,941 3,939 3,940 3,939 3,944 0.1%
DW Year Averaoe 5,548 5,543 5,538 5,532 5,527 5,518 5~508 5,499 5,499 5~48 0.9%
Critically DW Year Average 3,548 3,545 3,541 3,537 3,530 3,526 3,520 3,513 3,513 3~18 1.0%
brmimum Annual 2,490 2,461 2,432 2,422 2,450 2,457 2,445 2,422 2,422 2,490 2.8%

Run Iden~flers:
Storage Carryover Factor 0% 10% 20% 30% 40% 50% 60% 70%
71 -Year Average 6,455 6.454 6,453 6,452 6,450 6,447 6,441 6,432 6,432 6,455 0.3%
1928-34 DW Pedod Avara~le 4,118 4,118 4,119 4,119 4,119 4,120 4,120 4,121 4,118 4,121 0.1%
DW Year Average 6,034 8,025 r6,008 5,992 "5,972 5,949 5,929 5,910 5,910 6,034 2.1%
Cri~cally DW Year Average 3,571 3,572 3,573 3,573 3,573 3.574 3,575 3,5Z5 3,571 3,575 0.1%
Minimum Annual 2,184 2258 2,316 2,360 2,3~2 2,410 2,421 2,416 2,184 2,421 10.9%

Run Identifiers:
Storage Camjover Factor 0% 10% 20% 30% 40% 50% 60% 70%
71-Year Avarage 6,335 6,334 6,333 6,331 6,328 6,323 6,317 6,307 6,307 6,335 0.4%
1928-34 D~’ Pedod Average 4,184 4,183 4,182 4,181 4,180 4,179 4,178 4,175 4,175 4,184 0~%
DW Year Average 5,992 6,004 6,013 " 6,019 6,016 5,995 5,967 5,933 5,933 6,019 1.5%
CdtfcaJly Dry Year Average 3,849 3,818 3,789 3,763 3,740 3,716 3,694 3,667 3,667 3,849 4.9%
Minimum AJ~ua~ 2~547 2,547 2,552 2,584 2,583 2,607 2,631 2,570 2,547 2,531 3.3%

-
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Figure SA-3

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits versus Storage Carryover
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|
Figure SA-4

I South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits versus Storage Carryover

I Factor

I
I 7,000 !

6,500 !
I

6,000

I ~ /~ ,,- 4,500 .

I i ,,ooo| , ,
¯ ~. ~,~oo~--.. - -

I
0% 10% 20%     30%     40%     50% 60% 70%.

Storage Carryover FactorI
Assumptions

I Storage Volume = 2.0 MAF "-’--" 1928-34 Dry Period Average
Conveyance Capacity = 3,500 cfs - - Dry Year Average
Existing Banks PP Capacity

i A&U Storage Carryover Factor = 0% - - Critically Dry Year Average __
Unmet Demand Target = SWP

-~ - Minimum Annual

I Total Water Supply Benefits (TAF/yr)

Storage Carryover Factor:.                                   0%         70%

i 71-Year Average: 5,979 5,965
1928-34 Dry Pedod Average: 3,944 3,940
Average of all Dry Years: 5,548 5,499

i
Average of all Crit. Dry Years: ,. 3,548 3,513
Minimum Annual: 2,490 2,422

I SA_CO2.XLS: XY-Tot Chart 1

D--00651 8
D-006518



i
Preliminary Draft .- 7 March 1997 Page SA-12

Figure SA-5

South of Delta Off-Aqueduct Storage I
Ag & Urban Water Supply Benefits versus Storage Carryover

Factor                                     1

7,000                                                                                 I

6,50O

5,500

5,000

p. 3,000

2,500 1
2,000

0%      10%     20%     30%     40%     50%     60%     70%        1
Stooge Carwover FaVor

Storage Volume = 2.0 MAF ..i.I 1928-34 Dry Period Average

Conveyance Capacity = 3,500 cfs 1SDI Banks PP Capacity
1 . Dry Year Average

A&U Storage Carryover Factor = 0% - - Critically Dry Year Average
Unmet Demand Target = SWP & CVP

--- - Minimum Annual I

Total Water Supply Benefits (TAF/yr) 1
IStorage Carryover Factor: 0% 70%

71-Year Average: 6,455 6,432
1928-34 Dry Period Average: 4,118 4,121 ¯
Average of all Dry Years: 6,034 5,910
Average of all Cdt. Dry Years: 3,571 3,575
Minimum Annual: 2,184 2,416 ¯

SA_CO3~XLS: XY-Tot Chart I 1
D--006519

D-006519



Preliminary Draft - 7 March 1997 Page SA-13

Figure SA-6

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits versus Storage Carryover
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Water Supply Benefits versus Unmet Demand Target
Background
Unmet south of Delta SWP and CVP demands are used in this evaluation as a surrogate for
agricultural and urban water demands. Higher demand levels deplete reservoir storage
more often, resulting in higher average deliveries over normal hydrologic periods but
reduced deliveries dudng extended dry periods.

Model Runs
Unmet demand targets ranging from SWP-only unmet demand to combined SWP and CVP
unmetdemand were varied in a set of model runs to evaluate effects on water supply
benefits 1) with and without expanded Banks Pumping Plant capacity and 2) varied storage
carryover factors. These model runs are described in Table SA-5 and summary results are
displayed in Table SA-6. For comparability, all results are measured using total south of
Delta SWP and CVP water supply deliveries.

Evaluation- .Sensitivity Analysis
M̄oderate effects of varying unmet demand targets are observed in runs with existing Banks
Pumping Plant capacity. Less than a 1-percent increase in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits is observed while up to 13-percent decreases

in Minimum Annual Agricultural and Urban Water Supply Benefits as the unmetoccur
demand target is increased, from unmet SWP demand to combined unmet SWP and CVP
demand. Minor effects are seen in dry and cdtical year averages, all within a 4-percent

Bar charts of the five measures of Agricultural and Urban .Water Supply Benefits forrange.
various unmet demand targets for the existing Banks Pumping Plant capacity condition are
shown in Figures SA-7 through SA-10.

Moderate effects are also observed in runs with expanded Banks Pumping Plant capacity.
Increases of up to 2 percent occur in 71-Year Averages Annual Agricultural and Urban
Water Supply Benefits. Increases of up to 17 percent in Minimum Annual Agricultural and
Urban Water Supply Benefits result as the operating target is reduced from SWP and CVP
unmet demand to SWP-only unmet demand, with storage carryover factor set at 0 percent.
Plots of the five measures of Agricultural and Urban Water Supply Benefits versus unmet
demand target for the expanded Banks Pumping Plant condition are shown in Figures
SA-11 through SA-14.

This operational parameter has a significant effect on Minimum Annual Agricultural and
Urban Water Supply Benefits, particularly with expanded.Banks Pumping Plant capacity in
place. Corresponding effects on 71-Year Average Annual Agricultural and Urban Water
Supply Benefits are minor. The largest effects occur with storage carryover factor set at
0 percent.

|
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I
Table SA-5

I South of Delta Off-Aqueduct Storage
Model Runs for Evaluation of Unmet Dem.and Target

m
OUT_SO2.XLS SA_DEI.XLS SA033 SWP 2.0 maf Maximum Storage Volume

SA034 CVP 3,500 cfs Inflow/Outflow Capa~
SA035 SWP & CVP Existing Banks PP Capacity

¯ Storage Carryover Factor = 0%

I OUT_SO2.XLS SA_DE2.XLS SA036 SWP 2.0 maf Maximum Storage Volume
SA037 CVP 3,500 cfs Inflow/Outflow Capacity
SA038 SWP & CVP Existing Ban’ks PP Capac~

Storage Carryover Factor = 30%

|
SA040 CVP 3,500 cf$ Inflow/Outflow Capac~y
SA041 SWP & CVP Exis~ng Banks PP Capac~y

I Storage Carryover Factor = 50%

_
OUT_SO2.XLS SA_DE4.XLS SA042 SWP 2.0 mar Maximum Storage VokJme

SA043 CVP 3,500 cfs Inflow/Ou~ow Capac~y

I SA044 SWP & CVP E~ds~ng Banks PP Capack~j
Storage Car~over Factor = 70%

OUT_SO2.XLS SA_DE5.XLS SA045 SWP 2.0 maf Ma)dmum Storage VokJmeI SA046 CVP 3,500 cfs Inflow/Outflow Capacibj
, ’ SA047 SWP & CVP SDI Banks PP Capsc~y

Storage Carryover Factor = 0%

I OUT_SO2.XLS SA_DE6.XLS SA048 SWP 2.0 maf Maximum Storage Vo~me
SA049 CVP 3,500 cfs Inflow/Outflow Capac~y
SA050 SWP & CVP SDI Banks PP Capac~y

I OUT_SO~.XLS SA_DE7.XLS SA051 SWP 2.0 maf Ma~dmum Storage VokJme
SA052 CVP 3,500 cfs Inflow/Outflow Capac~
SA053 SWP & CVP SDI Banks PP Capa~ty

I ~ Storage Camjover Factor = 50%

OUT_SO2.XLS SA_DEB.XLS SA054 SWP 2.0 maf Ma~dmum Storage Volume
SA055 CVP 3,500 cfs Inflow/Outflow Capac~y

I SA056 SWP & CVP SDI Banks PP Capac~y
Storage Camjover Factor = 70%

I
I
I
I
I SA_DESM.XLS: Rtms
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Table SA-6                                            i

South of Delta Off-Aqueduct Storage i
Tota! Ag & Urban Water Supply Bene~ts vs. Unmet Demand Target iUnder Various Operational Conditions1

(Va~es in Ihousands of acre-fee~

Run Idet~fr~r~.
nunmet Dem~md Ta~g~ SWP CvP

71-Year Average 5,979 5,991 6"996 5,979 5,996 0.3%
1928-34 Ory Pedod Average 3,944 3,919 3,919 3,919 3944 0.8%
D~y Y~r Average 5.548 5,503 5.510 5,503 5,548 0.8%
Cdtlca~y Dry Yeer Average 3,548 3,433 3,421 3,421 3,548 3.7%

71-Year Average 5,977 5.989 5,9~5 5.977 5.995 0.3%
1928-34 O~y Pedod Average 3,943 3.919 3,919 3.919 3,~43 0.8%
D~y Yesr Average 5,532 5.505. 5.496 5,496 5.532 0.7%

Minimum Annual 2,422 2.233 2,216 2.216 2,422 9.3%
i

Unnmt Den~nd Tan3al: SWP CVP SWP & CVP
71-Year Average 5,973 5,987 5,993 5,973 5,993 0.3% i
1928-34 D~f Pedod Average 3,941 3,919 3,919 3,919 3,941 0.6%
Dry Year Av~’ag~ 5,518 5,4g6 5,488 5,488 5.518 0.5%
Cr~:aJly D~y Year Average. 3,526 3,441 3,43~ 3,438 3.526 2.6%
Minimum Annual 2.457 2,243 2,227 2,227 2,457 10.3%

71-Year Aver’age 5,965 5,980 5,988 5,965 5,g~8 0.4%
lg28-34 Dry Pedod Average 3,940 3,919 3,919 3.9t9 3,940 05% i
Dry Year Average 5,499 5,481 5,475 5.475 5,499 0.4%
C~ D~y Year Average 3,513 3.454 3,448 3,448 3,513 1.9%

71-Year Average 6,335 5,410 6,455 3,335 6,455 1.9%
1928-34 Dr~j Pedod Average 4.184 4,124 4.118 4,118 4,184 1.6%
Dry Yea~Average 5,gg2 5,957 . 6,004 5~57 8,034 1.3%
Cdtk:ally Dry Year Avemg~ 3,849 3,631 3,571 3,571 3,849 7.8%
l~n~um Annual 2,547 2,547 2,184 2,184 2.547 16.6%

1928-34 Dry Period Average 4.181 4,127 4,119 4,119 4.181 1.5%
Dry Year Average 6,019 5,958 5,992 5.958 6,019 1.0%
CdlJca~y Dry Year Average 3,763 3,624 3,573 3.573 3,763 5.3%
Minimum Annual 2,564 2,547 2,360 2,360 2.564 8.7%

i

Unmet Demand Target: SWP CVP SWP & f~-VP I71-Yw Average -- 6,323 5,403 3.447 6,323 6,447 2.0%
I~8-34 D~y Pe~k~d Average ~.4%4,120 4,1204"17g 4,1794,129.
Dry Year Average 5,9g5 5,~r~4 5,94~ 5,~9 5,9~ O8%
Cdtlcaly D~y Year Average 3.716 3,615 3,574 3,574 3,716 4"0%
M]nlmum Allnual 2,607 2554 2,410 2,410 2,607 8.2%

Unmet Demand TL, get: SWP CVP SWP & ~
71 -Yelr Average 6,307 6,389 5,432 6,307 5,432 2J)%
1928-.34 Dry Pedod Average 4,175 4,131 4,121 4,121 4,175 1.3%
Drf Year Average 5,,933 5,908 5,910 5,508 5,933 0.4%
Cd~::aly Dry Year Ave(ltge 3,667 3,595 3,575 3,575 3,667 2.6%
Minimum ,~,nuaJ 2,570 2,495 2,416 2"416 2570

1See Table SE-5 fo~ de--on o~ operational cond~f~n~.
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m
Figure SA-7

m south of Delta Off-Aqueduct Storage -
Ag & Urban Water Supply Benefits versus Unmet Demand

m Target

m 7,000

m̄ 6,500

~ 6,000

|

) ~_, 4,500

p. 3,000

m 2,500

m SWP CVP SWP & CVP
2,000

Unmet Demand Target

m
Assumptions ¯ 71-Year Average

Storage Volume = 2.0 MAF [] 1928-34 Dry Period Average ¯

m Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity

¯ Dry Year Average

A&U Storage Carryover Factor = 0% [] Critically Dry Year Average

m Unmet Demand Target = Varies [] Minimum Annual

m Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: SWP CVP ’ SWP & CVP
71 -Year Average: 5,979 5,991 5,996m 1928.34 Dry Period Average: 3,944 3,919 3,919
Average of all Dry Years: 5,548 5,503 5,510
Average of all Crit. Dry Years: 3,548 3,433 3,421

m Minimum Annual: 2,490 " 2,206 2,206

m SA..DE1 .XLS: Bar-Tot Chart I
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Figure SA-8 I

South of Delta Off-Aqueduct Storage I
Ag & Urban Water Supply Benefits versus Unmet Demand

Target                                I

7,000 I
6,~oo

o,ooo I
5,500

m~’ 4,500 I
4,000

I~-    3,500

 ,ooo I
2,500

2,000                                                                                I
SWP                    CVP                 SWP & CVP

Unmet Demand Target

I¯ 71 -Year Average
Assumptions

Storage Volume = 2.0 MAF 1 1928-34 Dry Period Average

IConveyance Capacity = 3,500 cfs I Dry Year Average
Existing Banks PP Capacity
A&U Storage Carryover Factor = 30% ¯ Critically Dry Year Average

Unmet Demand Target = Varies ¯ Minimum Annual

Total Water Supply Benefits (TAF/yr)
I
I

Unmet Demand Target: SWP CVP SWP & CVP
71 -Year Average: 5,977 5,989 5,995
1 928-34 Dry Period Average: 3,943 3,919 3,919 I
Average of all Dry Years: 5,532 5,505 5,496
Average of all Crit. Dry Years: 3,537 3,435 3,427
Minimum Annual: 2,422 2,233 2.216 I

SA_.DF.2.XLS: Bar-Tot Chart I I
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m
Figure SA-9

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits versus Unmet Demand

m Target

m
m 7,000

6,500

m ,-=- 6,000

5,500

m =- 4,500

¯ ~ 4,000

2,500

m 2,000
SWP                 CVP               SWP & CVP

Unmet Demand Ta~et

~s~um~ns

m Storage Volume = 2.0 MAF ~ 1928-34 D~ Pedod Average
~nveyan~ Capac~ = 3,500 ~s m D~ Year Average
~isting Ban~ PP Capaci~
A&U Storage Car~over FaVor = 50% ~ Cd~l~ DW Year Average

m Unmet Demand Ta~et =Vades Minimum Annu~

m To~l Water Supply Benefits ~AF~)

Unmet Demand Ta~et: SWP CVP SWP & CVP
71-Year Average: 5,973 5,987 5,993m 1928.34 Dw Pedod Average: 3,941 3,919 3,919
Average of all DW Yearn: 5,518 5,496 5,~8
Average of all Cdt. DW Yearn: 3,526 3,~1 3,~6

m Minimum Annual: 2,~7 " 2,2~ 2.~7

m SA_DE3.XLS: Bar-Tot Chart 1’

0--006526
D-006526



m
Preliminary Draft - 7 March 1997                                             , Page SA-20

Figure SA-10
m

South of Delta Off-Aqueduct Storage m
Ag & Urban Water Supply Benefits versus Unmet Demand

Target                                     m

7,000
m

6,500¯ |6,000

5,500

4,soo                                   m
~ ~-’ 4,000

) ,,ooo m
2,500

2,000                                                         m
SWP                    CVP                 SWP & CVP

Unmet Demand Target mm¯71-Year Average
Assumptions

Storage Volume = 2.0 MAF m 1928-34 Dry Period Average m
conveyance Capacity = 3,500 cfs m Dry Year Average
Existing Banks PP Capacity
A&U Storage Carryover Factor = 70% [] Critically Dry Year Average m                    ~
Unmet Demand Target = Varies m Minimum Annual mmmm

Total Water Supply Benefits (TAF/yr) mmm
Unmet Demand Target: SWP CVP SWP & CVP
71 -Year Average: 5,965 5,980 5,988
1928-34 Dry Period Average: 3~940 3,919 3,919 ¯
Average of all Dry Years: 5,.499 5,481 5,475 m

Average of all Cdt. Dry Years: 3,513 3,454 3,448
Minimum Annual: 2,422 2,252 2.236

SA_DE4J(LS: Bar-Tot Chart I m
D--0 0 6 5 2 7
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"̄ Figure SA-11

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits Versus Unmet Demand

Target

7,000

6,500                                                  ¯

5,soo

~’ 4,500

.,ooo

~,ooo

2,500

2,000
swP                 ~vP              swP & cvP

Unmet Demand Tamet

~ 71-Year Average
Assumptions

Storage Volume = 2.0 ~F = 1928-34 D~ Pe~od Average
Conveyance Capaci~ = 3,500 cfs = D~ Year Average
SDI Ban~ PP Capaci~
A&U Storage Ca~over Fa=or = 0% ~ C~i~lly D~ Year Average

Unmet Demand Ta~et = Va~es = Minimum Annu~

Total Water Supply Ber~efits (TAF/yr)

Unmet Demand Target: SWP CVP SWP & CVP
71 -Year Average: 6,335 6,410 6,455

Dry Average: 4,184 4,11928-34 Period 4,124 18
Average of all Dry Years: 5,992 5,957 6,034
Average of all Crit. Dry Years: 3,849 3,631 3,571
Minimum Annual: 2,547 " 2,547 2.184

SA_DES.XLS: Bar-Tot Chart 1
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Figure SA-12~

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits versus Unmet Demand

Target

7,000

6,500

o,ooo |
5,500

~-~, 5,000

4,000

3,500

3,000

2,5~

2,000
SWP                                   cvP                              swP & cvP

Unmet Demand Target

~ 71-Year Average
Assumptions

Storage Volume = 2.0 MAF ~ 1928-34 DW Pedod Average
~nvey~ce Capac~ = 3,5~ ~s ~ D~ Year Average
SDI Ban~ PP C~aci~
A&U Storage Carwover FaVor = 30% ~ CHti~lly DW Year Average

Unmet Demand Target = Vades ~ Minimum Annual

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: SWP CVP SWP & CVP
71 -Year Average: 6,331 6,407 6,452
1928-34 Dry Pedod Average: 4,181 4,127 4,119
Average of all Dry Years: 6,019 5,958 5,992
Average of all Crit. Dry Years: 3~763 .. 3,624 3,573
Minimum Annual: 2,564 2,547 2.360

SA_DE6~XLS: Bar-Tot Chart I
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|
Figure SA-13

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits versus Unmet Demand

Target

7,000

6,500

5,500

~-    5,000

~ 4,500

==, 3,500

3,000

2,500

2,000
SWP CVP SWP & CVP

Unmet Demand Ta~et

= 71 -Y~r Average
Assump.ons

Storage Volume = 2.0 MAF m 1928-34 D~ Pe~od Average
Conveyance Capac~ = 3,500 ~s a D~ Year Average
SDI B~ PP C~ac~
A&U Storage Cat.over Factor = 50% ~ C~ti~lly D~ Year Average

Unmet Demand Ta~et = Vades a Minimum Annu~

Total Water Supply Benefits (TAF/yr)

Unmet Demand Target: SWP CVP SWP & CVP
71 -Year Average: 6,323 6,403 6,447
1928-34 Dry Period Average: 4,179 4,129 4,120
Average of all Dry Years: 5,995 5,954 5,949
Average of all Crit. Dry Years: 3,716 3,615 3,574

"Minimum Annual:                         2,607     2,554         2.410

SA~., DE7.XLS: Bar-Tot Chart I

D--0-06530
D-006530



m
Preliminary Draft - 7 March 1997 Page SA-24

Figure SA-14 m

South of Delta Off-Aqueduct Storage m
Ag & Urban Water Supply Benefits versus Unmet Demand

Target
m
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o
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SWP CVP SWP & CVP

Unmet Demand Target

m 71-Year Average m
Assumptions

8tomg~ Vo(u~ = 2.o MAF m 1928-34 D~ P~od Aw~g~ m
Conveyance Capaci~ = 3,~00 ds m O~ Year Ave~g. m
8DI Banks PP Capac~
A&U Storage Ca~over FaVor = 70% B C~cally DW Year Avenge

m
Unmet Demand Ta~et Va~es m Minimum Annu~ m

To~l Water Supply Benefits ~AF~r) mm
Unmet Demand Target: SWP CVP SWP & CVP
71-Y~ar Avs~ge: 6,307 6,389 6,~2 m
1928-34 D~ Pe~od Aw~gs: 4,175 4,131 4,121 m
Avenge of ~I DW Yearn: 5,933 5,9~ 5,910 m

Avenge of all Cdt. DW Yearn: 3,667 3,595 3,575~
MinimumAnnu~: 2,570~,., ~."" mm

¯
SA_DE8.XLS: Bar-Tot Chart I ¯
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Selection of Bracketing Operational Parameter Sets
As described in the previous sections, sensitivity analyses were conducted using the
CALFED spreadsheet operations model to identify the effects of various operational
parameters on environmental water supply benefits. Using the information developed
through this process, parameter sets were selected to represent the four bracketing
operation conditions described in Table SA-I.

Parameter sets which maximized 71-Year Average Annual Agricultural and Urban Water
Supply Benefits were chosen for the Normal Period Supply Operation conditions.
Emphasizing this long-term average clearly results in the largest quantity of total water
supply deliveries over normal hydrologic pedods. Developing a rational for selecting
parameter sets for Dry Period Supply Operation conditions is more complex. In general, the
sensitivity analyses described above show that more aggressive storage operations (lower
storage carryover requirements, higher unmet demand targets) result in larger Average Dry
Year, Average Critically Dry Year, or 1928-34 Critical Dry Pedod Average Annual
Agricultural and Urban Water Supply Benefits. When examined in detail, however, it was
found the large are often due to a particularly large storage release in oneor twoaverages
years, while no benefits are provided dudng many other critical years. Minimum Annual
Agricultural and Urban Water Supply Benefits were maximized with more conservative
operating (higher storage carryover requirements targets);cdteda and lowerunmetdemand
however, maximizing minimum annual deliveries may not be a cost-effective operational
goal for agricultural and urban water supply benefits. To provide a reasonable bracketing
operati.on condition, was use a percent storage carryoverit decidedto 50 factor and SWP-
only unmet demand target for Dry Period Supply Operations. This set of operation
parameters provides a more uniform distribution of water supply benefits in dry and cdt!cally
dry years, with minimal impacts to normal period average benefits.

Parameter sets for Normal Period Supply Operation and Dry Period Supply Operation were
identified for the two external conditions considered in this evaluation, existing Banks
Pumping Plant capacity and expanded Banks Pumping Plant capacity. The resulting
parameter sets for each of the four bracketing operation conditions are detailed in
Table SA-7.

.|
D--006532
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Table SA-7

¯ South of Delta Off-Aqueduct Storage []
Selected Parameter Sets for Bracketing Operational Conditons ¯

A. Existing Banks PP Cap~.city Existing Banks PP Capacity
- Normal Pedod Supply Operation Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP
[]

B. Existing Banks PP Cal~city Existing Banks PP Capacity
- Dry Pedod Supply Operation Storage Carryover Factor = 50%

Unmet Demand Target = SWP

|
[]

C. Expanded Banks PP Capacity SDI Banks PP Capacity ¯
- Normal Pedod Supply Operation Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

|
D. Expanded Banks PP Capacity SDI Banks PP Capacity []

- Dry Period Supply Operation Storage Carryover Factor’= 50%
Unmet Demand Target = SWP                            ~

SA_RVSM~XLS: Conditions Table
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Comparison of Bracketing Operation Conditions
Model Nuns
Model runs were completed for each of the four operation conditions using the parameter
sets described in Table SA-7. For comparative purposes, maximum storage volume was
set at 2.0 maf with a 3,500 cfs inflow/outflow capacity. Table SA-8 compares the total and
net increased Agricultural and Urban Water Supply Benefits under each operation condition.

Evaluation
The Normal Period Supply and Dry period Supply Operation conditions bracket the range of
potential storage operations. Normal Period Supply Operation maximizes total average
water supply benefits, as measured by the 71-Year Average Annual Agricultural and Urban
Water Supply Benefits. Dry Pedod Supply Operation maximizes water supply benefits in
extremely dry years, as measured by the Minimum Annual Agricultural and Urban Water
Supply Benefits. Contrasting these bracketing operations for the existing Banks Pumping
Plant capacity condition, Normal Period Supply Operation (Condition A) results in a net
benefit of 75 taf in 71-Year Average Annual Agricultural .and Urban Water Supply Benefits,
as compared to a net benefit of 52 taf under Dry Period Supply Operation (Condition B).
Conversely, Dry Period Supply Operation (Condition B) results in a net benefit of 250 taf in
Minimum Annual Agricultural and Urban Water Supply Benefits, compared to a net benefit
of 0 taf in Minimum Annual and Urban Water Benefits under NormalAgricultural Supply
Pedod Supply Operation (Condition A).

More s!gnificant benefits achieved under the Banks Plantare expanded Pumping capacity
conditions. Contrasting the bracketing Operation Conditions C and D, Normal period
Supply Operation (Condition C) results in a net benefit of 286 taf in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits, as compared to a net benefit of 52 taf under
Dry Period Supply Operation (Condition D). Conversely, Dry Period Supply Operation
(Condition D) results in a net benefit of 423 taf in Minimum Annual Agricultural and Urban
Water Supply Benefits, compared to a net benefit of 0 taf in Minimum Annual Agricultural
and Urban Water Supply Benefits under Normal Period Supply Operation (Condition C).

Figures SA-15 and SA-16 compare the relative effects of the four operation conditions on
an annual basis. In these charts, bars represent the total Agricultural and Urban Water
Supply Benefits for the 7! years used in the model simulations, sorted from minimum to
maximum. For comparison, base case Agricultural and. Urban Water Supply Benefits is
represented with a line in each chart: Figure SA-15 compares Normal Period Supply and
Dry Period Supply Operations for the existing Banks Pumping Plant capacity condition.
While minor benefits are seen dudng drier years under Dry Pedod Supply Operation
(Condition B), benefits during average and above-average water years are significantly
reduced. Similarly, Figure SA-16 compares Normal Period Supply and Dry Period Supply
Operations for the expanded Banks Pumping Plant capacity condition. More significant
benefits occur during the very driest years under Dry Period Supply Operation (Condition
D); however, benefits during average-type water years are once again significantly reduced
in comparison to Normal Period Supply Operation.

Figure SA-17 presents the same data used in Figures SA-15 and SA-16 in a frequency-of-
exceedence format. In this chart, total annual Agricultural and Urban Water Supply Benefits

D--006534
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for the base case and the four operation conditions are plotted against frequency of
exceedence. As described above, significantly higher benefits in average-type years are
shown with Normal Pedod Supply Operation, with relatively smaller net gains in dder years
under Dry Pedod Supply Operation.

To provide a better understanding of the year-to-year operations that occur under the four
bracketing operation conditions, Figures SA-18 through SA-21 display the simulated storage
releases that occur throughout the 71-year hydrological sequence. In each chart, bars
represent annual volumes of storage releases and a solid line represents the annual volume
of water required to fully meet the combined SWP and CVP unmet demand targets. In Dry
Period Supply OPerations, .the SWP-only unmet demand target was used to control storage
operations. A dashed, line represents the annual volume of water required to meet this
operational target. As can be seen in these charts, under Normal Pedod Supply Operations
(Conditions A and C) larger annual volumes of water are released in relatively few years of
the 71-year hydrologic sequence. Under Dry Period Supply Operations (Conditions B and
D), annual releases are much smaller, but occur on a much more frequent basis.

Simulated end-of-month storage volumes for the four bracketing operation conditions are
shown in Figures SA-22 through SA-25. As expected, storage volumes show sharper draw
downs and larger variability under Normal Period Supply Operations (Conditions A and C) in
comparison to Dry Period Supply Operations (Conditions B and D). Under Conditions A
and B (Existing Banks Pumping Plant), the maximum storage volume of 2.0 maf is reached
in only .one year of the 71-year hydrologic sequence. Contrarily, under Condition D
(Expanded Banks Pumping Plant Capacity - Dry Period Supply Operation), the 2.0 maf
storage volume fills in 17 years of the 71-year hydrologic sequence.

..
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Table SA-8                    ~
South of Delta Off-Aqueduct Storage                                   :~

Ag & Urban Water Supply Benefit vs. O~rational Condition
for 2.0 MAF Maximum Storage Capacity

~(Values in thousands of acre-feet)

I~

71-Year Average 5,921 6,169 5,996 75 5,973 52 6,455 286 6,323 154
1928-34 Dry Pedod Average 3,918 4,033 3,919 1 3,941 - 23 4,118 85 4,179 145

I~ Dry Year Average 5,374 5,635 5,510 137 5,518 144 6,034 399 5,995 360
Critically Dry Year Average 3,421 3,480 3,421 0 3,526 105 3,571 91 3,716 237

I Minimum Annual 2,206 2,184 2,206 0 2,457 250 2,184 0 2,607 423

03 1See Table SA-X for description of operation~.l conditions.

:

8A_RVSM.XLS: Re~u~ 2000
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Figure SA-15

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits Under a Range of Operational Conditions

~ A. Existing Banks PP Capacity -- Total Water Supply Benefits (TAF/yr)
Normal Pedod Supply Operation Assumptions I

Operation Condition: A B
IlllBI B. Existing Banks PP Capacity -’ Dry Maximum Storage Capacity = 2.0 MAF 71-Year Average: 5,996 5,973

Pedod Supply Operation Conveyance Capacity = 3,500 cfs 1928-34 Dry Pedod Average: 3,919 3,941
Average of all Dry Years: 5,510 5,518

...L_ Base Case (No Storage, Existing Average of all Cdt. Dry Years: 3,421 3,526 "~
Banks Cap.) Minimum Annual: 2,206 2,457

6,000

7,000

~6,000

==4,000

3,000

Water Year

SA_OPI.XLS: Sort-Tot Chart 1



Figure SA-16

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits Under a Range of Operational Conditions

=== C. Expanded Banks PP Capacity.-- Total Water Supply Benefits (TAF/yr)
Normal Period Supply Operation Assumptions

Operation Condition: C D
~ D. Expanded Banks PP Capacity -- Dry Maximum Storage Capacity = 2.0 MAF 71-Year Average: 6,455 6,323

Pedod Supply Operation Conveyance Capacity = 3,500 cfs 1928-34 Dry Pedod Average: 4,118 4,179
Average of all Dry Years: 6,034 5,995
Average of all Crit. Dry Years: 3,571 3,716~ Base Case (No Storage, SDI Banks

Cap.)                                                            Minimum Annual:           2,184 2,607

8,000

7,000

u) ~6,000

_ 1~-,5,ooo

2,000

Water Year

o SA_OPI.XLS: Sort-Tot Chart 2
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Figure SA-17

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits Under a Range of

Operational Conditions

¯ 8000

7000                                                        ’" :’:: .......
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.... Base Case (No Storage, Existing
Assumptions Banks Cap.)

...... A. Existing Banks PP Capacity -
Maximum Storage Capacity = 2.0 MAF Normal Period Supply Operation
Conveyance Capacity = 3,500 cfs ...... B. Existing Banks PP Capacity -

Dry Period Supply Operation

Normal Period Supply Operation
~ D. Expanded Banks PP Capacity

Dry Period Supply Operation

Total Water Supply Benefits (TAF/yr)

Operation Condition: A B C D
71 -Year Average: 5,996 5,973 6,455 6,323
1928-34 Dry Period Average: 3,919 3,941 4,118 4,179
Average of all Dry Years: 5,510 5,518 6,034 5,995
Average of all Cdt. Dry Years: 3,421 3,526 3,571 3,716
Minimum Annual: 2,206 2,457 2,184 2,607

"

SA..OPI.XLS: Freq-Tot Chart I
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Figure SA-18

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits Under Operations Condition A

Existing Banks PP Capacity- Normal Period Supply Operation

~ Releases from Storage                   Assumptions                  Total Water Supply Benefits (TAF/yr)
Maximum Storage Capacity = 2.0 MAF Operation Condition: A
Conveyance Capacity = 3,500 cfs 71-Year Average: 5,996¯ 1928-34 D~y Pedod Average: 3,919

"--’Unmet SWP &CVP Demand                                         Average of all Dry Years:      5,510
Average of all Crit. Dry Years: 3,421

IO Minimum Annual: 2,2.06
I

~ 6,000

5,000

4,000

,,~ 3,000

2,000

1,000 ..................................

o

Water Year

o SA_OPI.XLS: Outflow Plot A
O"1
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Figure SA-19

South of Delta Off,Aqueduct Storage
Ag & Urban Water Supply Benefits Under Operations Condition B

Existing Banks PP Capacity - Dry Period Supply Operation

~ Releases from Storage Assumptions Total Water Supply Benefits ~AFB]r)

71OperatiOn-Year Condition: B
- - - Unmet SWP Demand Maximum Storage Capacity = 2.0 MAF

,-,,~ ~^"~ra"e: ou~’~,"’"Conveyance Capacity =3,500 cfs
1928-34 Dry Pedod Average: 3,941

-’----’Unmat SWP &CVP Demand Average of all Dry Years: 5,518
Average of all Cdt. Dry Years: 3,526
Minimum Annual:            2,457
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. ¯ ¯ -.;..., ....... # ...........’ .....................
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Figure SA-20

South of Delta Off,Aqueduct Storage

Ag & Urban Water Supply B,e.nefits Under Operations Condition C
Expanded Banks PP Capac,ty - Normal Period Supply Operation

~ Releases from Storage                    Assumptions               Total Water Supply Benefits (TAF/yr)

Maximum Storage Capacity = 2.0 MAF Operation Condition: C,
Conveyance Capacity = 3,500 cfs 71-Year Average: 6,455

1928-34 Dry Pedod Average: 4,118----Unmet SWP &CVP Demand                                         Average of all Dry Years:       6,034

Average of all Crit. Dry Years: 3,571
Minimum Annual:             2,184
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O’1



Figure SA-21

South of Delta Off-Aqueduct Storage
Ag & Urban Water Supply Benefits Under Operations Condition D

Expanded Banks PP Capacity - Dry Period Supply Operation

~ Releases from Storage Assumptions Total Water Supply Benefits {TAF/yr)

" " - Unmet SWP Demand Maximum Storage Capacity = 2.0 MAF Operation Condition: D
Cohveyance Capacity = 3,500 cfs 71-Year Average: 6,323

1928-34 Dry Pedod Average: 4,179
--"----Unmet SWP &CVP Demand                                         Average of all Dry.Years:      5,995

Average of all Cdt. Dry Years: 3,716
I~ Minimum Annual: 2,607
I

~ 8,000
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4,000

~ 3,000

0

Water Year
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Figure SA-22

South of Delta Off, Aqueduct Storage
End-of-Month Storage Volume Under Operations Condition A

Existing Banks PP Capacity-’ Normal Period Supply Operation

Assumptions
Maximum Storage Capacity = 2.0 MAF
Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity
A&U Storage Carryover Factor = 0%
Unmet Demand Target = SWP&CVP

0

Water Year

SA..OP1.XL$: EOM Storage A



Figure SA-23

South of Delta Off,-Aqueduct Storage
End-of-Month Storage Volume Under Operations Condition B
Existing Banks PP Capacity - Dry Period Supply Operation

Assumptions
Maximum Storage Capacity = 2.0 MAF
Conveyance Capacity = 3,500 cfs
Existing Banks PP Capacity
A&U Storage Carryover Factor = 50%
Unmet Demand Target = SWP

0 "~ i "

Water Year.

o~°° SA_OP1.XLS: EOM Storage B
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Figure SA-25

South of Delta Off-Aqueduct Storage
End-of-Month Storage Volume Under Operations Condition D
Expanded Banks PP Capacity - Dry Period Supply Operation

Assumptions
Maximum Storage Capacity = 2.0 MAF
Conveyance Capacity = 3,500 cfs
SDI Banks PP Capacity
A&U Storage Carryover Factor = 0%
Unmet Demand Target = SWP

Water Year

SA_OP1.XLS: EOM Storage D(31
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Water Supply Benefits versus Maximum Storage Volume
Model Runs
Maximum storage volumes ranging from 100 taf to 2.0 mar were varied in a set of model
runs that simulated the four bracketing operation, conditions described previously. These
model runs are described in Table SA-9 and summary results are displayed in
Tables SA-10 and SA-11. For comparability, all results are measured using total south of
Delta SWP and CVP water supply deliveries.

Evaluation
Table SA-10 displays the five statistical measures of total Agricultural and Urban Water
Supply Benefits achieved over the range of maximum storage volumes studied for each of
the bracketing operation conditions. Table SA-11. displays net increases in Agricultural and
Urban Water Supply Benefits for the same range of maximum storage volumes and
operation conditions. Figures SA-26 through SA-30 display plots of total Agricultural and
Urban Water Supply Benefits versus maximum storage volumes. Figures SA-31 and SA-35
display plots of net increases in Agricultural and Urban Water Supply Benefits. The wide

of benefits in these between conditions for maximumrange seen plots operation any given
reservoir volume confirms that operation conditions must be more thoroughlydefined before
the maximum storage volume of south of Delta storage facilities can be optimized.

Figures SA-26 and SA-31 show that maximum 71-Year Average Annual Agricultural and
Urban Water Supply Benefits are achieved under Condition C (Expanded Banks Pumping

Capacity - Supply Operation). operating condition,Plant NormalPedod Underthis 71-Year
Average Annual Agricultural and Urban Water Supply Benefits continues to increase with
diminishing incremental benefit throughout the range of maximum .storage volumes
evaluated. With a maximum storage volume of 3.0 maf, the largest maximum storage
volume evaluated, a net increase of 308 taf is observed in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits. About 75 percent of this net benefit, a
232 taf increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits,
is achieved with a maximum storage volume of only 1.0 maf.

Under Condition A (Existing Banks Pumping Plant capacity.- Normal Period Supply
Operation), 71-Year Average Annual Agricultural and Urban Water Supply Benefits
increases through about 2.0 maf maximum storage capacity, but with smaller incremental
gains in comparison to Condition C. Net 71-Year Average Annual Agricultural and Urban
Water Supply Benefits remain constant between 2.0 and 3.0 maf maximum storage
capacity. With a maximum storage volume of 2.0 maf, a net increase of 75 taf occurs in 71-
Year Average Annual Agricultural and Urban Water Supply Benefits. About 79 percent of
this net benefit, or 59 taf is achieved with a 500 taf maximum storage volume.

Figures SA-30 and SA-35 indicate that the largest Minimum Annual Agricultural and Urban
Water Supply Benefits is achieved under Condition D (Expanded Banks Pumping Plant
Capacity - Dry Period Supply Operation): Under this operating condition, Minimum Annual
Agricultural and Urban Water Supply Benefits increases dramatically between maximum
storage volumes of 0 and 1.5 mar. Additional net benefits with decreased incremental gains
between 1.5 and 3.0 maf. A maximum net benefit of 479 taf in Minimum Annual Agricultural
and Urban Water Supply Benefits is observed with a maximum storage volume of 3.0 mar.

D--006548
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|
About 83 percent of this net benefit, or 397 tar is achieved with a 1.5 maf maximu~’l storage
volume.                                                                      I

Under Condition B (Existing Banks Pumping Plant Capacity -- Dry Period Supply
Operation), a net increasein Minimum Annual Agricultural and Urban Water Supply Benefits      I
of 228 tar is observed with a maximum storage volume of 1.5 maf. Under Condition B, no
significant additional agricultural and urban water supply benefits are achieved with
maximum storage volumes larger than 1.5 mar.                                           I

I
I
I
I
I
I
I
I
I
I-
I
1
I
I
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Table SA-9
South of Delta Off-Aqueduct Storage

Model Runs for Evaluation of Maximum Reservoir Volume

|
OUT_SO3,XLS SA..RV1.XLS SA200 100 Exlstin~_ Banks pp Caoacitv - Normal Pedod Suonlv

SA202 500 Exi~ Bard~ PP ~

SA204 1,000 Unmet Demand Tapget - SWP & CVP

i SA206 1
SA207 1,750

S.~.209 2,500
SA210 .3,000

i OUT_SO3.XLS SA_RV2.XLS SA211 100 Exi,~tin_a Banl~ PP Caeacltv -- O~v P~,f~l Suoplv

SA213 500 ExislJng Banks PP Capax~y
SA214 750 Storage Caxnjove~ Factor - 50~
SA215 1,000 Unmet Demand Targ~ ~ SWPi SA216 1,250
SA217 1,500
SA218 1,750
SA219 2,0OO

n SA220 2,500

-|S,~224 50O SDI Banks PP Capad~
SA225 . 750 Storage ~ Factor,,, 0%
SA226 1,000 Unmet Dema~ Target -, SWP & CVP
SA227 1,25O

n sA228 1,500
SA229 ¯ 1,750

SA231 2,500
SA232 3,000

i (~JT_SO3.XLS SA_RV4.XLS SA233 100 Exx~nded Banlm PP Caoacitv - D~,v Period Suoolv Oo~,aUon
SA,234 250 3,500 cfs Inflow/Outflow ~
SA235 500 SDI Banks PP Capacity

i
SA236 750 Storage Canyover Factor = 50%
SA23~ 1,000 Unmet Demand Targe~ = SWP

i S,q~M.XLS: ~

D--006550
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Table SA-10
South of Delta Off-Aqueduct Storage

Ag & Urban Water Supply Benefits vs. Maximum Storage Volume
Under Various Operational Conditions1

(VaJues In thousands of acre-feet)

Run k~:
Max. ~’age Volunll (tM) 0 100 250 500 750 1.000 1‘250 1,750 2,000 2,500 3.000
71-Y’ear Average 5,921 5,945 5,966 5,980 5,965 6,987 5,968 5,990 5,993 5.996 5,996 5,998 5.996 75 1.8%
1928-34 D~y Period Average 3,918 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 3,919 1 0.0%
D;y Year Av~’lge 6,374 5,392 5,410 - 5,427 5,439 5,453 5,468 5,483 5,497 5,510 5,510 5,510 5,510 137 2.5%
Cdt.ically D~y Ye~" Average 3,421 3.421 3,421 3,421 3,421 3,421 3,421 3,421 3,421 3,421 3.421 3,421 3,421 0 0.0%
M~n~lllum AmluaJ 2‘206 2,206 2,206 2‘206 2,206 . 2,206 2,206 2~06 2~06 2,206 2.206 2,206 2~06 0 0.0%

Run k~entt~r~:
Max. 8to~ Volume (t~f) 0 " 100 250 .500 750 1,000 1,250 1,500 1,750 2,000 2,500 3.000
71-Year Average 6,169 6,221 6,276 6,340 6.377 6,401 6,416 6,431 6,443 6.455 6,467 6,477 6,477 308 5.0%
1 ~28-34 Do/Pedod Aver~,ge 4.033 4,062 4,068 4,116 4,118 4,118 4.118 4,118 4,118 4,118 4,118 4,118 4,118 85 2.1%
Dry Year Av~’l~ge 5,635 5,681 5,729 5,758 5,793 5,848 5,909 5,971 6.005 6,034 6,042 6,071 6.071 436 7,7%
Cdtlcally D~y Year Average 3.480 3,486 3,4~4 3,501 3,521 3,543 3,564 3,571 3,571 3,571 3,5~0 3,628 3,628 148 4.3%
Mirgmum Anoual 2,184 2,184 2,184 2,184 2,184 2,184 2,184 2,184 2,184 2,184 2,184 2,494 2,494 310 14.2%

Run k~r~: "
Max. 8torlge Vo~ (la~) 0 100 250 500 750 1.000 1,250 1,500 1,750 2,000 2.500 3.000
71-Yore AvePge 6,169 6,159 6,198 6,239 6,262 6,278 6,293 6,307 6,316 6,323 6,345 6,361 6,361 192 3.1%
1928-~4 Dry Pm’kxI Aver~ge 4,033 4,042 4.076 4.106 4~,140 4,172 4,179 <,,179 4,179 4.179 4,179 4.17g 4,179 145 3.6%
DW Year Avenge 5,635 5,656 5,717 5.777 5,820 5.~64 5,910 6.045 5,966 5,995 6.047 6.072 6,072 436 7.7%
Cdlic~ly Dry Year Average 3,480 3,485 3,505 3.544 3,576 3,614 3,641 3,666 3,891 3,716 3,768 3,819 3,819 339 9.8%
Minimum Anoual 2,184 2,194 2,227 2,284 2,343 2.403 2.485 2,581 2,594 2,607 2,834 2,863 2,663 479 21.9%

Table SE-9 fo~ ~ of op~atlo~l conditions.



Table SA-11
South of Delta Off-Aqueduct Storage

Net Increase in Ag &Urban WaterSupply Benefits Vs. Maximum Storage Volume
Under Various Operational Conditions1

(Values in thousands of acre-feet)

Max. Storage Volume (tat) 100 250 500 750 1,000 1,250 1,500 1,750 2,000 3,000
71 Average 24 45 59 64 66 67 69 72 75 75 75
1928-34 Dry Period Average . 1 1 1 1 1 1 1 1 1 1 1
Dry Year Average 18 37 53 65 80 94 109 124 137 137 137
Critically Dry Year Average 0 0 0 0 0 0 0 0 0 0 0
Minimum Annual 0 0 0 0 0 0 0 0 0 0 0

I

I
Max. Storage Volume (tat) 100 250 500 750 1,000 1,250 1,500 1,750 2,000 2,500 3,000
71-Year Average -1 17 32 40 44 46 48 50 52 57 57~ 1928-34 Dry Period Average 4 12 23 23 23 23 23 23 23 23 23

~ Dry Year Average 7 38 83 ~03 118 122 128 136 144 155 155
Critically DW Year Average 4 16 36 53 62 74 90 98 105 127 127

03 Minimum Annual 5 34 89 147 167 197 248 250 250 250 250

I’~ Max. Storage Volume (tat) 100 250 500 750 1,000 1,250 1,500 1,750 2,000 3,000
71-Ye=,r Average 52 107 171 208 232 247 262 274 286 298 308
1928-34 Dry Period Average        28      52      85      85      85      85      85      85      85      85      85
Dry Yeer Average 45 93 123 158 213 274 335 370 399 407 436
Critioaliy Dry Year Average 6 15 21 42 63 84 91 91 91 110 148
M~nlmum Annual 0 0 0 0 0 0 0 0 0 0 310

Run Identifiers: ’ ’1;" s.~/~l~ i;~ s~==.::: ;::~!SA=~ ~: S~.!i~i,~Sp.~. Ti ~r~:S~]~A~~ ~Max. Storage Volume (tat) 100 250 500 750 ¯ 1,000 1,250 1,500 1,750 2,000 2,500 3,000
71-Year Average -I0 28 69 93 109 124 138 146 154 176 192
1928-34 Dry Pedod Average 9 43 75 107 138 145 145 145 145 145 145
Dry Year Average 20 82 142 185 229 274 310 330 360 411 436
Critically Dry Year Average 5 26 64 97 134 161 186 211 2~J7 288 339
Mirdmum Annual 10 43 100 159 219 281 397 410 423 450 479

1See Table SE-9 for description of operational conditions.

8A_RVaM.XL8: Reaul=
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Figure SA-26 m

south of Delta Off-Aqueduct Storage m
71-Year Average Ag & Urban Water Supply Benefits

versus Maximum Storage Volume                        ~
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m

.̄m..m Existing Banks PP Capacity -- Normal Period Supply Operation                   -
m

m Existing Banks PP Capacity -- Dry Period Supply Operation                       m
Expanded Banks PP Capacity -- Normal Pedod Supply Operation

Expanded Banks PP Capacity - Dry Period Supply Operation
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m                            south of DeltaOff-Aqueduct Storage

1928-34 Dry Period Annual Average Ag & Urban Water Supply Benefits
¯ versus Maximum Storage Volume

ii. m 5,500

mm ~ 5,000

m ~.~’ 41500
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2,500

m 0 500 1,000 1,500 2,000 2,500 3,000
2,00o

_ Maximum Reservoir Volume

---’---" Existing Banks PP Capacity -- Normal Period Supply Operation

,~ | --- Existing Banks PP Capacity -- Dry Pedod Supply Operation

" Expanded Banks PP Capacity -- Normal Period Supply Operation

| - = Expanded Banks PP Capacity -- Dry Period Supply Operation

m SA_RVSM.XLS: 1928-34 Chart
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Figure SA-28 m

south of Delta Off-Aqueduct Storage ~1
Dry Year Average Ag & Urban Water Supply Benefits

versus Maximum Storage Volume                          1
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~t_~ South of Delta Off-Aqueduct Storagem Critical Year Average Ag & Urban Water Supply Benefits
- Im versus Maximum Storage Volume
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Figure SA-30

South of Delta Off-Aqueduct Storage
Minimum Annual Ag & Urban Water Supply Benefits

versus Maximum Storage Volume
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Figure SA-31

South of Delta Off-Aqueduct Storage
Net increase in 71-Year Average Ag & Urban Water Supply Benefits

versus Maximum Storage Volume

500

4°°
4OO

250

200 ¯ ~’ ¯

150

100

0 500 1,000 1,500 2,000 2,500 3,000

M~imum Rese~oir Volume

~ ~isting Banks PP Capaci~ -- Nodal Pedod Supply Ope~tion
~ ~isting Banks PP Capaci~-- DW Pe~ Supply Ope~tion

~panded Banks PP Capaci~ -- Normal Period Supply Ope~tion

S~RVSM.XLS: Net 71-Yr Avg Cha~

O 006558
D-006558



i
Preliminar~ Draft -- 7 March "1997                                                 Page SA-52

Figure SA-32 i

South of Delta Off-Aqueduct Storage
Net Increase in 1928-34 Dry Period Annual Average Ag & Urban

Water Supply Benefits
versus Maximum Storage Volume
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Figure SA-33

South of Delta Off-Aqueduct Storage
Net Increase in Dry Year Average Ag & Urban Water Supply

Benefits
versus Maximum Storage Volume
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Figure SA-34

South of Delta Off-Aqueduct Storage
Net Increase in Critical Year Average Ag & Urban Water

Supply Benefits

Iversus Maximum Storage Volume
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Figure SA-35

il~..."
" South of Delta Off-Aqueduct Storage

~ Net Increase in Minimum Annual Ag & Urban Water Supply Benefits
m versus Maximum Storage Volume
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